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A successful attempt has been made to form 
a section of the London Branch of the Institute 
of British Foundrymen to cater for the foundry 
industry of East Anglia. Already the Brauch 
possessed amongst its membership a number of 
the more important foundry executives residing 
in this area, but it was felt that it was ex- 
tremely difficult for many who desire actively to 
participate in the affairs of the Institute to 
return to their homes after attendance at meet- 
ings in London. In the East Anglian area there 
are about seventy establishments, large and 
small, and the support of but one member per 
foundry would create an excellent nucleus upon 


which to build. 


The centre chosen for the first meeting was 
Ipswich, and one speaker stressed the apathy of 
the local foundries to co-operative effort to 
disseminate foundry technology, but an enthu- 
siastic executive can quickly eradicate apathy. 
Some years ago we attended a meeting in Bir- 
mingham, the centre of a thousand foundries, 
and the audience consisted of Mr. E. Longden, 
Mr. H.H.Shephard, Mr. F. C. Edwards and our- 
selves. The lecturer, the Branch-President, the 
secretary, the reporter and a lady made up the 
balance of those present. To-day, because of the 
existence of an enthusiastic Council,  well- 
attended meetings are common-place. The initial 
support accorded at the meeting was suffi- 
ciently encouraging to cause the establishment 
of the section, and in the near future, officers 
and a local Council will be elected, and a pro- 
gramme of lectures and works visits will be 
arranged. The creation of this activity is of 
very special interest, because, so far as we can 


see, it completes the areas which can be use- 
fully covered by a section, with the rather re- 
mote exception of Southampton and Portsmouth. 
The Institute has done its duty in providing the 
facilities for making a centre in Ipswich, which 
confers upon the region served easy facilities for 
the participation in both international and 
national foundry technical co-operation. It is 
now for the foundry owners and directors in 
that region to associate themselves with this 
activity. The great resources of the Institute 
have been brought to their door, at their own 
request, and we are convinced that the local 
industrialists will make it a personal matter to 
see that they are adequately used. Technical 
isolation has been replaced by the possibility of 
co-operation, and particularly by a voice in the 
conduct of Britain’s most progressive scientific 
institute. 


Metallurgical Coke 


It is now well known that the limiting factor 
in advancing steel output lies in the coke oven, 
and there appear to be some difficulties in getting 
unlimited supplies of blast-furnace coke. While 
the foundry coke situation does not appear to 
be particularly affected as yet, the thoughts of 
foundry managers will turn to the coke situation. 
There are two schools of thought on the question 
of fuel economy. One group regards coke 
economy as a secondary and comparatively un- 
important matter, provided the metal is pro- 
duced at the proper temperature, and another 
regards it as of primary importance. Where 
high-quality and hence high-priced castings are 
made, in comparatively small quantities, the 
former is likely to be the view. Where more 
ordinary material is melted for long periods and 
with large throughputs, the latter is found to 
hold. The two views also apply with regard to 
coke quality, as the higher grades are more 
likely to be preferred for the former service. 

Two things can be done to economise on coke, 
the first to use more efficient melting plant offer- 
ing an actual reduction in consumption, and the 
second is to use a cheaper grade of coke, which 
also may be made possible by better melting 
equipment. In a time of hardening prices, these 
possibilities are more likely to be considered. 
While there are limits to reduction in size of 
coke charged in the cupola and to decrease in 
quality, desulphurisation may assist the latter, 
and coke makers are endeavouring to produce 
cokes the quality of which is less dependent on 
the use of particular grades of coal. Some years 
ago the practice was suggested of lime-washing 
coke before use as a means of keeping sulphur 
down, but after actual trials it seems to have 
been abandoned. At any rate, it did not meet 
with unanimous approval even in the country of 
its origin, Germany. One of the difficulties of 
purchasing coke lies in the fact that analysis is 
not a complete guide to performance, and there 
is no satisfactory and accepted test which is. 
However, this position is being gradually cleared 
up by research on coke and its structure, and in 
a few years it is quite likely that the properties 
of good metallurgical cokes for cupola use will be 
capable of expression in terms of comparatively 
simple tests. 
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Institute Activities Increasing 
IMPORTANT SUGGESTION MADE AT BIRMINGHAM DINNER 


There was a record attendance of nearly 200 
at the annual dinner of the Birmingham, 
Coventry and West Midlands Branch of the 
Institute of British Foundrymen, held at Bir- 
mingham Imperial Hotel on Saturday, March 28. 
Some interesting speeches were made under the 
chairmanship of Mr. G. M. Callaghan (Branch- 
President), who was accomparied by Mrs. 
Callaghan. He was supported by Mr. J. E. 
Hurst (the Institute President) and Mrs. Hurst, 
Mr. P. H. Mills (managing director, W. & T. 
Avery, Limited), Mr. H. V. Yorke (H. Pontifex 
& Sons, Birmingham), Mr. H. Winterton (Insti- 
tute Senior Vice-President, of Glasgow), Mr. 
C. W. Bigg (Institute Junior Vice-President, of 
Derby), Mr. Roy Stubbs, Mr. F. J. Cook and 
Mr. C. E. Williams, of Cardiff (Past-Presidents), 
Mr. T. Makemson (secretary of the Institute), 
Major J. W. Athey (managing director, For- 
dath Engineering Company, Limited), Mr. J. G. 
Pearce (Director, British Cast Iron Research 
Association), Mr. J. W. Gardom and others. Mr. 
G. T. Lunt acted as toastmaster, Mr. G. W. 
Brown and Mr. D. H. Wood were the M.C.’s for 
the dancing which followed the speeches, and 
Messrs. W. L. Johnston, E. J. Lewis and G. 
Moran were in charge of the whist drive, while 
Mr. A. A. Timmins (Branch hon. secretary) was 
responsible for the general secretarial arrange- 
ments. 


Machine Age and Institute Status 


Mr. P. H. Mitts submitted the toast of ‘‘ The 
Institute of British Foundrymen,’”’ and _ first 
remarked that it was in Birmingham that the 
Institute was started, and that Mr. F. J. Cook— 
one of its founder members, whom they were 
glad to see present—was its third President. It 
was of some interest to him that the foundation 
President was Mr. Buchanan, who at one time 
was foundry manager of the company with which 
he was associated. At their first annual Con- 
vention in Manchester their membership totalled 
89, whereas to-day it had grown to 1,780, which 
was a remarkable achievement. He understood 
that the Institute operated through ten 
Branches, and Mr. Hurst told him that he had 
visited them all and had replied to the same 
toast each time, so that he (the speaker) thought 
their President might now be very well asked to 
propose it. It was very interesting to hear 
that the Institute exchanged Papers with the 
United States, France, Belgium and Germany, 
and he understood that it was Mr. Cook who pre- 
sented the first English Paper at the Conven- 
tion at Rochester in 1921—in the year in which 
they were granted their Royal Charter. Since 
1926, under the enthusiastic organisation of their 
general secretary, they had made very great pro- 
gress, and this led him to remark that he had 
always been struck with the progress which had 
been made in everything, apart from the man 
himself. It was worth considering that the 
moulding machines, the aeroplanes and tanks, 
the sewing and adding machines, and _ the 
machine guns were all used by very much the 
same kind of people who in primitive times used 
stone and bows and arrows. He thought that 
people who decried the modern age of machines, 
and thought something dreadful was likely to 
happen to the world, forgot that manual labour 
was not a natural but an acquired habit of man. 
Primitive man in his limited way knew just what 
he had to do to keep himself alive, and had to 
deal with circumstances as he found them, sub- 
ject to those limitations. All they were trying to 
do to-day in the engineering industry was to 
provide man with something which would do the 
jobs they had in hand a little better and a 
little more efficiently; and the work of their 
Institute in this respect in their own particular 
sphere had been of a high order. He coupled the 


name of their Institute President with the toast, 
and he might mention that among Mr. Hurst’s 
qualifications was the award to him, in 1932, of 
the Oliver Stubbs Gold Medal for his outstanding 
contribution to the metallurgy of cast iron. 

In acknowledgment, Mr. J. E. Hurst re- 
minded the company that he represented as 
President not only the members throughout 
Great Britain, but throughout the world, and 
on their behalf he wished to convey thanks to 
Mr. Mills for the appreciative manner in 
which he had proposed the toast. Now the Bir- 
mingham Branch was the cradle of the Institute, 
and it was a remarkable thing that in compara- 
tively so short a space of time the Institute had 
grown to its present dimensions. That afternoon 
Mr. Winterton had shown them an original 
membership card which he possessed of the In- 
stitute—then the British Foundrymen’s Associa- 
tion—and he might say that it was an artistic 
little production of which the driving licence of 
to-day was practically a facsimile, only it cost 
Mr. Winterton a little bit more—7s. 6d. 
(Laughter.) Along with the growth of the In- 
stitute there had been an increase in the size 
of the subscription. Now there were one or two 
members engaged in their various research acti- 
vities, and on their Technical Committees, who 
felt that the magnitude of their subscription 
was a criterion of the status and position of the 
Institute. Consequently he hoped they would 
take this suggestion to heart, and not resist any 
effort to raise the subscription in future, because 
they would appreciate that any such advance 
would be accompanied by a proportionate in- 
crease in the activities of the Institute. Con- 
tinuing, the President said he did not want 
them to forget that the Institute had embarked 
on a good many activities, particularly during 
the last few years; and he would suggest to them 
that it was these activities that were mainly 
responsible for raising the Institute from a com- 
paratively small association to one of the lead- 
ing metallurgical institutes, not only in this 
country, but throughout the world. Asking how 
they could further improve the status of the In- 
stitute, he thought they might well consider this 
matter at their Branch meetings, and he was 
leaving with them a message which he had 
brought to the notice of all the other Branches. 
On this point he confessed that he was getting 
bolder and bolder as he progressed in experi- 
ence of his office, and his message was that they 
should think of the possibilities of increasing the 
financial resources and strength of the Institute, 
and so promote the developments which they 
hoped to carry out in the future. 


Institute’s Value to Engineers 


Mr. H. V. Yorke, proposing the toast of 
‘‘The Birmingham, Coventry and West Mid- 
lands Branch,” first referred to the fact that, 
when: he began his working life, he served for 
eight months under their Branch-President, and 
he could assure them that anybody who took up 
engineering was none the worse for having spent 
some time in the foundry. Before the Institute 
was founded there was no body to which indi- 
viduals could go for advice and discussion of 
foundry problems, and no organised discussion 
was possible as between members of the same 
trade. Speaking of his own firm, he said that 
in these days, when so much of the practice of 
foundry work was bound up with metallurgy and 
allied subjects, it was of extreme importance 
to them to be able to attend their Institute, so 
that they could learn what was going on in the 
larger world around them. It would have been 
an extraordinary thing prior to the establish- 
ment of the Institute for any member of his 
firm to visit another foundry; it was quite an 
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unknown or unrecognised procedure for members 
of their trade to advise each other how they 
overcame any difficulty in the foundry. For any 
engineering organisation, such as that with 
which he was connected, it was invaluable to be 
able to obtain specific benefits through the in- 
terchange of views, by the reading of Papers 
and their discussion, and through visits which 
staff members were able to pay through mem- 
bership of the Institute to other foundries. It 
was most gratifying to know that this Branch of 
the Institute had experienced a most satisfac- 
tory year, and it was encouraging to learn that 
the membership had grown. The fact that the 
number of members taking an active interest in 
the business of the Institute was rapidly increas- 
ing was another encouraging feature, and no 
small part of the credit for this state of affairs 
must go to the Branch-President, to the hon. 
secretary, and to the members of the Branch 
Council, upon whom must have fallen a con- 
siderable amount of the work during the year. 
Mr. Yorke then mentioned that the firm he re- 
presented was founded in the eighteenth century 
in London, and their head office was there to 
this day; but in 1912 they took premises in Bir- 
mingham, and as a result they had found easier 
working conditions and a better supply of labour 
in Birmingham than had been possible elsewhere. 
In Birmingham and Coventry they had perhaps 
the most progressive manufacturing centres in 
the world. Much of their modern engineering 
work had originated in Birmingham and Coven- 
try, and technical details of work of this 
character were often disseminated through 
Branches like their own for the advancement of 
the industry in general. For this reason, there- 
fore, he had particular pleasure in inviting 
them to raise their glasses and drink to the 
continued success of the Branch, and he very 
cordially coupled with the toast the name of 
their Branch-President. 


Activity and Opportunity 


Mr. G. M. CaLLacuan, in response, said that, 
as most of their foundries were busy, and were 
likely to continue so for some time, there was 
every incentive for foundrymen to make them- 
selves as efficient as possible in the work and 
technique of founding. They were fortunate 
in Birmingham in having ready assistance from 
various quarters. In Birmingham there was the 
University, which kept very closely in touch with 
industrial problems; high-grade technical col- 
leges and schools; and, largely owing to the 
initiative of Mr. J. G. Pearce, they could now 
boast of a British Foundry School. Another 
feature which benefited the Branch a very great 
deal was the location in the city of the head- 
quarters of the British Cast Iron Research Asso- 
ciation. They were greatly indebted to the 
director (Mr. J. G. Pearce) and his staff for the 
support they received. Perhaps not the least of 
their advantages was the assistance which the 
Branch received from the local foundry execu- 
tives. Personally, he was under an obligation 
to the works’ manager of his own concern (H. 
Pontifex & Sons) for the kindly help which he 
had received from him during the past year. 

Masor J. W. AtHey proposed the toast of 
Guests,’ and, after mentioning the dis- 
tinguished visitors present, proceeded to enter 
a plea for the enrolment of women as members 
of the Institute in a speech which quite in- 
trigued his hearers. 

Mrs. Hurst, wife of the President, replied in 
a neat little speech, and said the visitors wished 
the Branch all the success it deserved. 


Metro-Vick “‘Girl’’ Calendar 

METROPOLITAN- VICKERS ELECTRICAL Company, 
LimiteD, have selected neither a famous actress nor 
a film star for their ‘‘ Girl’’ calendar for 1936-37, 
but have chosen a rather fascinating subject of fair 
English beauty to take a place in the series. She 
prefers to be called ‘‘ Cynthia’’ rather than dis- 
close her identity. 
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East Anglian Foundrymen to Organise 
SECTION OF INSTITUTE OF BRITISH FOUNDRYMEN FORMED 


A very well-attended meeting of foundrymen 
was held in the Public Library at Ipswich on 
Tuesday, March 24, to discuss the suggested 
formation of an East Anglian Section of the 
London Branch. The meeting resolved that 
the proposed Section should be formed. 

Mr. F. O. Brackwett (President, London 
Branch) was in the chair, and was supported 
on the platform by Mr. A. S. Stokes (Ransome 
& Rapier, Limited); Mr. S. C. E. Lloyd 
(Stewarts and Lloyds, Limited), and Mr. T. 
Makemson (General Secretary of the Institute). 
in addition to the East Anglian foundrymen, 
Mr. Hogg (President-Elect of the Lancashire 
®ranch), Mr. V. C. Faulkner (Past-President of 
the Institute), and many members of the London 
ranch resident in or near London also attended. 

A letter was received from Mr. J. E. Hurst 
(President of the Institute) regretting his in- 
ability to attend, and offering his best wishes 
for the success of the proposed East Anglian 
Section. 

The Brancu-Prestpent explained that the 
London Branch of the Institute covered a very 
considerable area of Southern England, and 
obviously many members of the Branch who 
wished to attend its meetings in London were 
unable to do so by reason of the distance from 
‘their homes and the difficulty in getting back 
home late at night. Therefore, a suggestion 
had been made by Mr. L. J. Tibbenham (of 
Suffolk Iron Foundry, Limited) that the Branch 
Council might consider the formation of an East 
Anglian Section, so that members in that area 
might have an opportunity of attending the 
meetings; it had also been suggested that the 
formation of such a Section would encourage 
others who were interested in the foundry 
industry to join the Institute. A Sub-Com- 
mittee, consisting of Mr. Tibbenham, Mr. W. B. 
Lake, J.P., Mr. C. C. Booth, J.P., and himself, 
had been formed, therefore, to consider the 
matter, and the area had been circularised by 
Mr. H. W. Lockwood (Branch Hon. Secretary). 
The results were so encouraging that it was 
decided to hold a meeting in Ipswich with a view 
to ascertaining the number of gentlemen who 
would be likely to join the Section. Incident- 
ally, he mentioned that this development was 
appropriate inasmuch as the London Branch was 
celebrating its Silver Jubilee this year, having 
come into existence 25 years ago. An indication 
of the value of the Branch was to be found in 
the fact that its membership had grown from 
quite a few at first to the present number of 
250. That was a very good membership, indeed, 
but it was not sufficient, and it was hoped that 
it would become much bigger. 

The Chairman also expressed indebtedness to 
Mr. Stokes and to Mr. Lloyd for their support 
of the endeavour to form the East Anglian 
Section of the London Branch of the Institute. 


How the Institute Functions 

Mr. T. MaKemson (secretary of the Institute) 
briefly explained the functions, activities and 
achievements of the Institute and the benefits 
and obligations of membership. He pointed out 
that it was not an employers’ federation, and 
that it had nothing to do with trade unions or 
with prices, wages or any such vexatious 
economic factors. Its job was purely to make the 
foundryman a better foundryman and to help 
him to make the foundry product a better pro- 
duct. Its ‘‘ Proceedings,’ he added, formed 
probably one of the most useful and certainly 
one of the most practical and readily-applied 
works of reference in foundry practice. One of 
the greatest. benefits which members derived was 
the opportunity of associating with others in the 
foundry industry, who were dealing with prob- 


lems similar to their own. We had learned that 
we could not live in closed compartments, and 
the Institute was the medium by which foundry- 
men came to know each other, so that they could 
discuss their mutual problems; it was also the 
medium by which the wonderful progress in 
foundry practice had been made known to the 
industry in general. 

It was hoped that an East Anglian Section 
would be formed as a Section of the London 
Branch, and certainly under the guidance of the 
London Branch, but it would be to some extent 
self-governing. For example, it would be for 
the members of the Section to decide where their 
meetings should be held. 

There were two main reasons why every pro- 
gressive foundryman should consider joining the 
Institute. In the first place there was an obliga- 
tion upon him to support those who had volun- 
tarily given of their own time and experience for 
the benefit of the industry at large; secondly, 
membership of the Institute was a good thing 
for the individual member. Great. progress had 
been made in all branches of the foundry indus- 
try, and that progress had been made largely 
by private enterprise, by individual effort, 
although, of course, he did not forget the valu- 
able work of the British Cast Iron Research 
Association and other such bodies. It was prob- 
ably true to say that we were coming more and 
more towards an age of specialisation, but it 
was going to be a specialisation on a basis of 
broad and wide experience. The best way in 
which the foundryman of the future could keep 
in touch with progress in his job, with develop- 
ments in all branches of the trade, was by 
joining the Institute. 

A Paper on ‘“ The Development of Cast Iron 
in the Past 25 Years ’’ was then read by Dr. 
A. B. Everest (a Vice-President of the London 
Branch), and was discussed by several prominent 
members of the Institute. Interspersed with 
this discussion were references to the formation 
of the new Branch. This Paper and the subse- 
quent discussion appears elsewhere in this issue. 


Value of Works Visits 


Mr. A. W. G. BacsHawe (Bagshawe & Sons, 
Limited, Dunstable) said that in his experience 
the most valuable advantage he had derived 
from membership of the Institute had been the 
co-operation which was engendered between the 
various foundries for their mutual benefit. If 
foundrymen were to keep their own particular 
secrets for their own use, those secrets would 
die with them; but if only they continued to 
spread their knowledge they would do infinitely 
more good and would make bigger profits. To 
potential new members particularly, he empha- 
sised the value of visiting various foundries and 
discussing their problems with a view to over- 
coming them. 

Another matter which he urged was that if 
the East Anglian Section were established, the 
members should take the opportunity afforded by 
the meetings to talk about their problems. There 
was a tendency in some gatherings for just two 
or three people to make speeches, and for the 
majority of the ordinary members to refrain 
from expressing their views. Even if their views 
were bad, they were better than no views at all. 


Success Problematic 

Mr. Ricumonp (Ipswich), discussing the pro- 
posed formation of an East Anglian Section of 
the London Branch, said that some years ago 
he had considered very seriously the problem 
of inaugurating a Section of the Institute in 
East Anglia. At that time he was a very 
enthusiastic member of the Institute, he had 
written a good deal in technical papers and had 
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lectured at foundry evening classes at the School 
of Engineering. He believed that Mr. Primrose 
was the first to bring science to the foundry 
industry in East Anglia, and had imparted any- 
thing that he knew to anyone who was interested. 
Mr. Primrose had encouraged him a good deal 
in the idea to start a Section in East Anglia. 
In spite of that, however, Mr. Richmond did 
not take any definite steps in that direction 
because he did not think it possible then to 
secure a sufficient number of keen members to 
form such a Section. Whilst he hoped the 
effort now inaugurated would be successful, he 
confessed that he had a little doubt as to secur- 
ing the support of a sufficient number of mem- 
bers to make it a success, because the district 
was so very wide-spread. However, he wished 
the effort success, and took the opportunity also 
to congratulate Dr. Everest on his Paper. 

Mr. Detierson said that he had been sur- 
prised by the enthusiasm with which a number 
of those employed at his own works had wel- 
comed the suggestion to form an East Anglian 
Section. When Mr. Shepherd, the chief metal- 
lurgist, had announced the intention to certain 
individuals, such as foundry foremen, core-shop 
foremen, those engaged in the metallurgical 
department, and so on, seven of them had 
promised immediately to become members. It 
was hoped that the management of other works 
also would help the Section along. 

Mr. V. Detrort (Senior Vice-President of the 
London Branch) said that those who had had any- 
thing to do with the organisation of meetings 
would agree that it was very difficult to find 
authors who would write and present practical 
Papers, but he hoped that if and when the East 
Anglian Section was started, those responsible 
for organising the meetings would be able to 
arrange for the presentation of practical Papers. 
There was a certain type of technical Paper 
which was not of very great interest to the 
average member, but he, personally, was entirely 
in favour of the type of technical Paper which 
explained to the average member in ordinary 
language the technicalities of cast iron, for 
instance. He would fike to find authors who 
would deal with a subject such as that of cast 
iron in a manner similar to that in which Sir 
James Jeans dealt with astronomy and Sir Oliver 
Lodge dealt with the constitution of the atom, 
for they were so very capable of explaining 
those matters in simple language. Such Papers 
would result in a very valuable form of co- 
operation between the research workers in the 
metallurgical field and the foundry worker. 
Apart from co-operation among those in the 
foundry itself, it would seem, in view of the 
problems raised by Dr. Everest in the course of 
his Paper, that the foundry industry should 
look for closer co-operation with the national 
engineering institutes. If foundrymen could put 
their problems to such institutes, it would result 
in co-operation which would be of tremendous 
value to all concerned. 


Object of Co-operation 


Mr. A. S. Sroxes (Ransomes & Rapier, 
Limited), before proposing a vote of thanks to 
Dr. Everest for the Paper, said all concerned 
with the industry must co-operate to produce 
something which would enable them to get a 
reasonable living out of the customer, and any- 
thing they could do to help each other in that 
way they ought to do. Engineering had been 
defined as the art of putting stuff into the right 
place, and that was a very good definition. If 
those in the foundry industry could be convinced 
that they were not using as much cast iron as 
they should use, and were not passing as much 
of it on to the public as they should, he at least 
was open to be convinced. He would welcome 
the establishment of a Section of the Institute 
in Ipswich because he felt that, apart from any- 
thing else that Dr. Everest had done, he had 
convinced the meeting that there was a good deal 
more in the question of cast iron than was gener- 
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ally realised. A little more introspective action 
between them might do a lot of good for them 
all. 

Mr. L. J. Trpsennam (Suffolk Iron Foundry, 
Limited) seconded the vote of thanks. He 
urged that most of those present would sign 
forms of application for membership of the local 
section which the Institute was endeavouring to 
form. 

Mr. V. Detrort, speaking particularly as 
President-Elect of the London Branch, assured 
the meeting that he would do all he could to 
assist the new section when it was formed, and 
he wished it complete success. Speaking for the 
Council of the London Branch, he said the East 
Anglian members would find every co-operation 
from that source. At the same time, parties 
working in co-operation should maintain their 
individualities, and he hoped that as the East 
Anglian Section developed, it would also develop 
a very keen personality. Further, he emphasised 
that all within the East Anglian Section and the 
London Branch were members of an institute 
which had increased considerably in prestige and 
in influence during the past few years, and their 
first duty was to combine their efforts in the 
interests of the Institute. 


The Formation of the East Anglian Section 


It having been mentioned hy the Branch- 
President that a considerable number of applica- 
tions for membership of the East Anglian Section 
had already been received, those present at the 
meeting who intended to become members of the 
Institute were invited to indicate that intention 
by a show of hands. 

(A large number of those attending the meet- 
ing intimated their intention of joining the 
Institute and becoming members of the Last 
Anglian Section, and they were invited to secure 
copies of the Institute’s booklet and forms of 
application for membership from Mr. Lockwood 
(Branch hon. secretary). In addition to those 
who intimated their intention of joining the 
Institute, a number of the existing members of 
the London Branch, resident in East Anglia, will 
support, by reason of residence, the East Anglian 
Section.) 

The Brancu-Presipent stated that sufficient 
support was forthcoming to warrant the forma- 
tion of the Section. 

Mr. A. S. Stokes proposed a formal resolution 
that the East Anglian Section of the Institute 
be formed, and added that he would be pleased 
to support the Section. 

Mr. Der.erson seconded the resolution and 
assured the meeting of his support. His com- 
pany, he said, were particularly interested in 
the foundry end of the business; their foundries 
were of the mechanical-conveyor type. and the 
castings were mass-produced. He urged that 
progress could be made only by a spirit of give 
and take, and felt sure that mutual benefit would 
be derived as the result of the formation of the 
Section. 

Mr. W. B. Lake, J.P. (Lake & Elliott, 
Limited, Braintree), supported the resolution. 
Speaking as one who had had considerable ex- 
perience in the Institute, having served twice 
as President of the London Branch, and having 
held the office of hon. treasurer to the Institute 
for the past five or six years, he assured the 
meeting that he would not have taken so much 
interest in the Institute if he had not found 
that it was a help to him in his business. That 
was the main reason why he was so enthusiastic 
about membership of the Institute. Membership 
would help any individual foundryman to make 
progress in his own profession. He had been 
very much surprised to hear Mr. Richmond 
throw cold water upon the chances of establish- 
ing a Section in Ipswich. Although not a Suffolk 
man, Mr. Lake was an East Anglian, and he 
rather resented the idea that East Anglians were 
so very old-fashioned and conservative, They 
might have been years ago, but in order to com- 
pete with their friends in the North and in the 
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Midlands, they must keep up to date, and the 
best way in which a foundryman could keep up 
to date was by joining the Institute. Mr. Lake 
added that he was also very proud to be a 
member by reason of the fact that he had made 
a very large number of friends among the mem- 
bers; it was always a great pleasure to him to 
attend any of the meetings because he was 
always sure of meeting a number of friends. 
Others would find also that British foundrymen 
were very sociable and likeable people. 

The resolution for the formation of the East 
Anglian Section was put to the meeting and 
carried. 

The Brancu-Presipent wished the newly- 
formed Section every possible success, on behalf 
of the Council of the London Branch. He 
assured any members of the Section that they 
would always be welcomed at any of the Branch 
meetings in London or at any Branch meetings in 
any part of the country, as well as, of course, at 
the Institute’s Annual Convention and _inter- 
national meetings. 

Mr. A. S. Stokes expressed thanks to the 
London Branch for its efforts in connection with 
the formation of the East Anglian Section, thus 
bringing the Mountain to Mohammed, whereas 
it was really up to the East Anglian foundrymen 
to approach the London Branch and to drink 
from its fountain of wisdom. 


lron and Steel Institute 


PROGRAMME OF ANNUAL MEETING 


The annual meeting of the Iron and Steel 
Institute will be held, by kind permission, at the 
Institution of Civil Engineers, Great George 
Street, Westminster, S.W.1, on Thursday and 
Friday, May 7 and 8. The sessions will open 
each day at 10 a.m.; there will be an Afternoon 
Session on Thursday, May 7, but not on Friday 
afternoon. 

THurspay, May 7. 

The general meeting will be opened at 
10 a.m. with the presentation of annual report 
and statement of accounts for 1935. 

Other business will be the election of new 
members, and the presentation of the Bessemer 
Gold Medal to Mr. Fred Clements. The follow- 
ing Papers will be presented for discussion :— 
Nos. 13, 6, 15 and 7 in the morning session, and 
Nos. 14, 4 and 8 in the afternoon session. 


Fripay, May 8. 

The general meeting will be continued at 
10 a.m. with the announcements of the award 
of the Andrew Carnegie Research Scholarships 
for 1936, of the award of the Carnegie Gold 
Medal, and regarding the award of the Williams 
Prize. The following Papers will be presented for 
discussion :~-Nos. 3, 9, 10 and 11. The remain- 
ing Papers will be taken as read. Written con- 
tributions to the discussion of these Papers and 
of those presented for verbal discussion are 
invited. 

Annual Dinner 


The annual dinner will be held in the Grand 
Hall of the Connaught Rooms, Great Queen 
Street, W.C., on Thursday, May 7, at 7 for 
7.30 p.m. Applications for tickets (price 15s. 
each, exclusive of wine) should be sent in not 
later than Thursdey, April 30. 


List of Papers 


The following is a complete list of the Papers 
offered for. the May meeting, 1936 :— 


(1) W. H. Hatfield, F.R.S.: ‘‘ The Work of 
the Corrosion Committee.’’ (Special Report 
No. 11.) 

(2) W. H. Hatfield, F.R.S.: ‘‘ The Work of 
the Heterogeneity of Steel Ingots Committee.” 
(Special Report No. 12.) 


ApriL 2, 1936 


(3) C. O. Bannister and R. Rigby: ‘‘ The 
Influence of Light on the Electrode Potential 
and Corrosion Phenomena of Mild Steel.’ 

(4) M. L. Becker and C. E. Phillips: ‘‘ Inter- 
nal Stresses and Their Effect on the Fatigue 
Resistance of Spring Steels.’’ 

(5) C. Benedicks: ‘‘ Electrical Resistivity of 
Faraday Steels; Gas Analysis and New Pheno- 
mena on Remelting in Radiation Furnace.” 

(6) C. A. Edwards, F.R.S., and others: ‘ A 
Study of the Influence of Varying Degrees of 
Cold-Rolling and Annealing Temperatures on 
the Properties of Mild-Steel Sheets.’? Part I.— 
‘‘ The Influence of Cold-Rolling and Subsequent 
Annealing Temperatures on the Erichsen Values 
and Crystal Structure of Thin Mild-Steel 
Sheets,” by C. A. Edwards, F.R.S., D. L. 
Phillips and W. H. E. Gullick. Part II.—‘‘ The 
Effects of Varying Degrees of Cold-Rolling and 
Annealing Temperatures on the Properties of 
Motor-Car Body Sheets,’’ by C. A. Edwards, 
F.R.S., D. L. Phillips and C. R. Pipe. 

(7) W. E. Goodrich: ‘‘ The Embrittlement of 
High-Tensile Alloy Steels at Elevated Tempera- 
tures.’ 

(8) G. A. Hankins, M. L. Becker and H. R. 
Mills: ‘‘ Further Experiments on the Effect of 
Surface Conditions on the Fatigue Resistance of 
Spring Steels.”’ 

(9) T. P. Hoar and D. Havenhand: “‘ Factors 
Influencing the Rate of Attack of Mild Steels 
by Typical Weak Acid Media.”’ 

(10) A. W. Hothersall and W. N. Bradshaw: 
““ Methods of Detinning Tinplate for Examina- 
tion of the Thickness and Continuity of the 
Alloy Layer.”’ 

(11) A. W. Hothersall and J. C. Prytherch : 
‘4 Study of the Origin of Porosity in the Tin 
Coating of Tinplate.”’ . 

(12) E. Maurer and W. Bischof: ‘‘ The Dis- 
tribution of Sulphur between Metal and Slag in 
the Basic and Acid Processes of Steel Manufac- 
ture.”’ 

(13) G. A. V. Russell: ‘‘ Some Considerations 
Influencing Plant Facilities for Strip-Sheet Pro- 
duction under British Conditions.” 

(14) H. J. Tapsell, M. L. Becker and C. G. 
Conway: ‘‘ The Behaviour of Five Cast Irons in 
Relation to Creep and Growth at Elevated Tem- 
peratures.”’ 

(15) J. H. Whiteley: ‘‘ A Survey of the Iron- 


Carbon Diagram near Zero Carbon (below 
1,000 deg. C.).” 
Discussion, correspondence and _ reply on 


‘‘ Sixth Report on the Heterogeneity of Steel 
Ingots.’’ (Special Report No. 9a.) 

Discussion, correspondence and _ reply on 
Waste-Heat Boilers in Open-Hearth Practice.’’ 
(Special Report No. 10a.) 


Autumn Meeting 


The Iron and Steel Institute has received a 
very cordial invitation from the Verein 
deutscher Eisenhiittenleute to hold the autumn 
meeting in 1936 in Diisseldorf; this invitation 
has been accepted. Arrangements are being 
made for the meeting to be held during the week 
September 21 to 26, the main party leaving 
London on Sunday, September 20, and return- 
ing to London on Sunday, September 27. In 
addition to technical sessions for the discussion 
of Papers, arrangements are being made for 
visits to be paid to many important works in 
the Ruhr district and Westphalia. An interest- 
ing programme of other excursions and enter- 
tainments is being prepared. Full particulars 
will be issued as soon as the details have been 
decided. 


Ferro-Beryllium Alloys 

Research on the structural characteristics and the 
hardness of alloys containing 3 to 4.5 per cent. 
of carbon and up to 4 per cent. of beryllium is 
described by M. Battay in a Paper in ‘* Comptes 
Rendus.”’ 
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The Development of Cast Iron in the 
Past Twenty-Five Years’ 
By Dr. A. B. EVEREST 


Twenty-Five Years Ago 

Twenty-five years ago takes us back to the year 
\91l. As a starting-off point for this Paper, 
therefore, the author has studied the volume 
of Tae Founpry Trape Journau for that year 
in order to gain some idea of the status of cast 
ivon development at that time. 

The notes and articles in the Journal for that 
vear cover a wide variety of items, but these 
ure chiefly of a practical nature, being connected 
with foundry practice, including moulding 
:iethods and melting practice, whilst the number 
of articles dealing in detail with cast iron itself 
is in the minority. On the other hand, it is 
urprising to what extent attention was given 
at that relatively early date to processes which 
are regarded as modern even to-day. Thus con- 
iderable space is given to the consideration of 
the application of electric furnace melting, 
whilst the discussion on the use of the microscope 
for elucidating structure shows, in conjunction 
with the photo-micrographs reproduced, that this 
aspect of cast iron development was already con- 
-idered of great importance. The use of alloy 
additions was considered in some detail, showing 
the continuous interest taken in this aspect of 
iron founding; this interest is known, for 
example in the case of nickel, to date back as 
far as 1799. Articles in Tue Founpry TRADE 
Journat for 1911 cover detailed consideration of 
the influence of manganese alone and with 
silicon, whilst an article by Hatfield describes in 
detail the influence of vanadium, and another 
article gives similar consideration to titanium in 
iron castings. On the whole, however, it is 
sensed that cast iron practice was at this time 
a long way behind theory, and in fact a great 
deal of the more theoretical aspects were only 
half understood and were not in a form suitable 
for assimilation by the practical foundryman. 

Of special interest is a Paper given by J. F. P. 
Lewis under the heading of ‘“ Improved Cast 
Tron,’’ which opens with the following state- 
ment: ‘Can the quality of cast iron be im- 
proved to an extent sufficient to raise its value 
and extend its function in the eyes of the 
mechanical engineer? The author claims that 
it can. During recent years cast iron has been 
gradually superseded for many important com- 
ponent parts of mechanical constructions by 
other metals and alloys. Is this entirely the 
result of the establishment of strength or 
physical quality specifications which under any 
circumstances would have put cast iron out of 
court, or only partly the result of that, and 
partly the result of failures on the part of 
cast iron owing to its being inferior in its own 
kind or defectively manufactured? ’’ Mr. Lewis 
appears to anticipate by several years the out- 
look which is prevalent in foundry circles even 
to-day. In his case cast iron was being replaced 
by cast steel, wrought iron and_ non-ferrous 
alloys, whereas more recently we have heard a 
great deal of the replacement of cast iron by 
welded steel. From the foundry point of view 
the outlook is similar, although the actual com- 
petition may come from a different angle. Con- 
tinuing, Mr. Lewis states that for cast iron to 
hold its own, improvement is necessary, and he 
mentions that such improvement is required in 
density and in a closer control over structure. 
Referring to mechanical properties, he states 
that an ordinary commercial iron would have a 
tensile strength of 8 to 9 tons per sq. in., whilst 


* A Paper presented at Ipswich at the Inaugural Meeting of 
the East Anglian Section of the London Branch of the Institute 
of British Foundrymen, on March 24, Mr. F. O. Blackwell 
presiding. 


a specially good iron will show 12 tons per sq. in. 
He gave as ideal the improvement of iron to 
give a tensile strength of 15 to 16 tons, whilst in 
his Paper he quotes a record strength figure, 
which was obtained as a freak result, of 18.39 
tons per sq. in. 

It is suspected that cupola control at the time 
under review was in a very primitive state, as 
evidenced by the number of references. to the 
danger of using steel scrap. Foundrymen had 
been tempted to try and mix steel with their 
iron, and the idea of semi-steel was beginning 
to take on, but the results of these first tests 
were often disastrous and the methods adopted 
primitive. Note, for example, the case of the 
foundryman who about this time manufactured 
semi-steel by introducing a quantity of steel 
turnings at the bottom of the ladle and tapping 
the iron on to them. The turnings were gener- 
ally found at the bottom after the ladle was 
emptied, and could thus be used again. 

Of more importance perhaps was the growth 
of the science of metallography referred to above, 
and in the year in question one of the branches 
of the then so-called ‘ British Foundrymen’s 
Association ’’ devoted a whole evening to the 
discussion of the application of the microscope, 
whilst later in the year Mr. J. S. G. Primrose 
gave a Paper on the subject of metallography 
as an aid to the iron founder, and discussed the 
influence of structure, showing the danger and 
weakness in cdst iron of long, coarse graphite 
flakes. Simultaneously, attention was being 
given by various workers to the importance of 
carbon control, it being realised that this is, 
after all, the basis of good foundry practice, and 
development in this aspect of cast iron metal- 
lurgy has been continuous from that time up to 
the present day. 


The War Period 


Leaving now the status of cast iron as it was 
25 years ago, the intervening period divides 
itself naturally into the period of the Great War, 
and the period following the War with its times 
of intensive industrial development and slumps. 
The War period, of course, called for a sub- 
stantial increase in the output of good quality 
castings, and foundries were taxed to the utmost 
to meet the demand for war material. Technical 
control was for the most part lacking, and the 
success of the castings depended principally on 
the law of averages as applied to metal made 
up from mixtures of some 10 or 12 kinds of 
pig-iron, after the mixture had been developed 
by ‘hit or miss ’’ methods, rather than on any 
deep appreciation of the principles underlying 
cast iron metallurgy as understood to-day. 

One outstanding development which can be 
dated from the War period is the acceptance of 
steel additions for the improvement of iron cast- 
ings in the manufacture of semi-steel. Actually 
in 1916 Hurst published a Paper in which a 
fracture of pig-iron is shown, this pig having 
been made synthetically by melting down an all- 
steel charge in the cupola. In foreign countries, 
especially in Germany, the War period called for 
improved output from the foundries, often with 
the curtailment of raw materials, and after the 
War, when industrial progress resumed a normal 
course, cast iron development was given a dis- 
tinct stimulus by international exchange of ideas. 
Difficulties arising from the use of an excessive 
amount of scrap led to the introduction of such 
processes as the Lanz hot-mould process for cast- 
ing high-duty irons, this perhaps being one of 
the first attempts to obtain irons of a strength 
approaching 20 tons per sq. in., suitable for 
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such high-duty castings as Diesel engine parts. 
About this time the Emmel process also came 
to the fore, this being a method of making high- 
duty iron by means of steel scrap melted under 
conditions of careful cupola control. In both 
these processes steel additions were freely used, 
and were accepted as an established means of 
controlling the composition of cast iron. 


Alloy Cast Irons 


In the period following the Great War, a new 
influence began to make itself felt in cast-iron 
metallurgy. Owing to the demand for high- 
strength steels for munitions, the world’s nickel 
producers had been obliged to increase their 
peace time output of nickel by some two or three 
times, for which extensive new plant was 
installed. The cessation of hostilities therefore 
left them with a productive capacity far in excess 
of even the most optimistic estimates of normal 
peace time uses. The nickel companies, there- 
fore, with their large staffs of metallurgists, set 
to work to explore new uses for the metal, thus 
to build up new markets rather than curtail pro- 
duction back to the pre-war level. How well 
they succeeded is shown by the fact that by 1929 
the peace time consumption of nickel was up 
to the maximum output of the companies, and 
was greater even than that demanded during 
the War. 

One of the fields of application explored by 
the nickel companies was in connection with cast 
iron. Work had been done from time to time in 
the past, which showed that nickel had useful 
applications in the cast iron field, but the results 
of practical scale tests were generally disappoint- 
ing. In tackling this market, therefore, it was 
found necessary to give detailed attention to 
the metallurgy of cast iron generally, so that 
the action of nickel could be fully understood 
and the metal used to the best advantage. 

The introduction of nickel as an alloy addition 
to the iron foundries has had a marked effect in 
stimulating the development of cast iron gener- 
ally, for not only the nickel producers but also 
cast iron manufacturers and users have turned 
their attention more deeply to the principles 
underlying the metallurgy of cast iron, and it is 
in the author’s opinion fair to say that the 
introduction of nickel has in many establishments 
been the beginning of a fuller understanding of 
cast iron in all its detail, with, as a result, a 
general improvement in cast iron metallurgy 
both with and without alloys. , 

Considering the development of cast iron in 
the past ten years, we may say, therefore, that 
at the starting point metallurgists had come to a 
better understanding of this metal, and were 
logically studying it as a material consisting 
essentially of a steel-like matrix broken up by 
graphite flakes. The development of cast iron in 
this last decade has been concerned principally 
with these two structural constituents of the 
metal. Steel metallurgy has been far in advance 
of that of cast iron, and the principles of alloy- 
ing and heat-treatment have been understood for 
some time past and practised extensively in 
industry. One of the results of the development 
of alloy irons has been the application to an 
increasing extent of steel metallurgy to the 
product of the iron foundry. 

On the other hand, the properties of cast iron 
differ widely from those of steel, due principally 
to the fact that the steel-like matrix is broken 
up by numerous graphite flakes. From the point 
of view of strength, toughness and many other 
properties, the predominant influence in cast 
iron is the form and quantity of these graphite 
flakes, so that it is logical to find that develop- 
ment has been concerned largely with the control 
both of the form and quantity of these flakes. 


Melting Conditions 

The use of steel addition has been mentioned 
as being introduced during the War. It has 
more recently hecome increasingly appreciated that 
such additions form a useful method of reducing 
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the carbon content in cast iron and thereby 
reducing the quantity of graphite in the final 
casting, thus improving its mechanical pro- 
perties. There are, of course, as every foundry- 
man knows, practical difficulties in handling cast 
iron with abnormally low carbon content. These 
difficulties have, however, largely been met in 
the last few years by the introduction of im- 
proved melting units. The cupola still stands 
supreme as the most economic foundry unit in 
this respect, and to-day it is by no means 
obsolete for the manufacture of modern high- 
duty irons. Where the cupola is used for this 
purpose, however, it is obvious that it must be 
worked at the maximum possible efficiency and 
with careful control so as to obtain the 
minimum carbon’ pick-up and maximum 
efficiency, together with a high temperature 
output. Progressive cupola design, as_ for 
example in the introduction of the British Cast 
Tron Research Association balanced blast cupola, 
has helped in this direction, but with any well- 
designed foundry cupola operating under good 
conditions and with good coke satisfactory 
results may be obtained. 

With the introduction of more highly alloyed 
irons, however, it has been felt that other types of 
melting unit are perhaps preferable, and to obtain 
greater control over the metal various rotary 
types of furnaces fired with pulverised coal or 
oi] have been introduced, whilst more recently in 
this country, following the practice in the 
United States, attention has been given to melt- 
ing in electric furnaces of various types. 

All these improvements in melting technique 
are reflected in improved mechanical properties 
in the iron castings, principally on account of 
the fact that low-carbon irons can readily be 
produced and heated to a sufficiently high tem- 
perature to give satisfactory castings. 


Superheating 

The improvements in the properties of cast 
iron resulting from melting in these special units 
arise mainly from the reduced quantity of 
graphite, which tends to break up the steel 
matrix of the metal. Within the last few years, 
however, another point of considerable import- 
ance has been increasingly appreciated. It was 
first pointed out by Piwowarsky that if molten 
iron is superheated then the structure of the 
final casting is refined. This refinement results 
in the production of a short, curly type of 
graphite in place of the long, straight flakes, 
which give weak structures in iron castings. 
With these new types of melting units, super- 
heating is relatively easy, and thus we see that 
they offer special advantages, not only in con- 
trolling the quantity of graphite, but also in 
giving a refined form. It should be mentioned 
at this point that by the use of suitable alloys, 
such as nickel, chromium and copper under 
certain conditions, refining of the graphite is 
also brought about, and the use of such alloys 
gives further improvement on that account. — 


Inoculation 

Whilst referring to the control of the form of 
graphite, another development of the past few 
years is of considerable interest. This is the 
principle of inoculation. Briefly described, it 
has been found that if a coarse-grained pig-iron 
is melted and made into castings, then quite in- 
dependently of the total carbon present, the 
graphite flakes are likely to be long and coarse, 
giving a weak structure. If, however, refined 
iron is used with a similar carbon content, then 
a finer form of graphite generally results, other 
things being equal. Carrying the argument 
further, if white iron is melted, then white cast- 
ing would generally result. If, on the other 
hand, immediately prior to casting graphitisers 
are added to the metal, then in place of white 
iron, a grey-iron casting will be obtained, but 
the tendency to precipitate graphite has been 
introduced at the last moment, just prior to cast- 
ing. This is termed ‘ inoculation,’ and results 
in a very fine-grained type of structure. 
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In the practical development of inoculated 
cast irons it is the: usual -practice to melt down 
in the cupola, charges consisting principally of 
steel scrap, this being sometimes as much as 
100 per cent. of the charge. The melting con- 
ditions are adjusted so that the steel is car- 
burised to give a total carbon finally between 
2.6 and 3 per cent. Such iron would, of course, 
give a white casting. After tapping from the 
furnace, however, inoculation is carried out 
generally by means of nickel ‘“‘F’”’ shot and 
ferro-silicon. Castings produced by this method 
are suitable for almost all classes of work. They 
have remarkable uniformity of structure in vari- 
ous sections, and a strength ranging from 22 to 
25 tons per sq. in., according to section. 


Gas-Bubbling Through Liquid Iron 

Finally, in connection with the consideration 
of graphite form and structure, reference should 
be made to the recent work carried out by the 
British Cast Iron Research Association, in which 
it has been found that in certain types of iron 
the graphite form can be controlled at will by 
passing carbon-dioxide gas through the metal 
prior to casting. The importance of this work 
is that now, by varying the conditions, it has 
been found possible to control at will the coarse- 
ness of the graphite structure, rendering a 
coarse structure fine and a fine structure coarse, 
according to conditions. 


Control of the Matrix 

Whilst the control over the form and quan- 
tity of free graphite in grey cast iron is one of 
the most important methods of producing 
modern high-duty iron, control over the struc- 
ture of the matrix is also vital in considering 
such properties as strength, hardness and wear- 
ing quality. In the pre-war era compositions of 
iron giving soft open structures were generally 
used. In such irons the matrix consisted of a 
mixture of ferrite and graphite. With the 
greater control and wider choice of pig-irons 
available to-day, however, it is usual for engi- 
neering irons to show a completely pearlitic 
matrix, this being associated with the maximum 
hardness and strength properties required. De- 
velopment in this direction follows closely along 
the lines of the development of the alloyed and 
heat-treated steels. Briefly, it has been found 
that certain alloy additions, of which perhaps 
the most important are nickel, chromium and 
molybdenum, tend to strengthen and harden the 
structure of the matrix when added in small 
proportions. 

Heavily-Alloyed Irons 

The appreciation of the steel-like nature of 
the matrix of cast iron has led naturally to the 
development of the higher alloyed cast irons, in 
which the structure of the matrix is modified 
exactly as in the case of steels. It is, of course, 
well known that, with high proportions of cer- 
tain elements, especially nickel, chromium and 
manganese, it is possible to produce steels in 
the austenitic condition when they are corrosion- 
resisting, heat-resisting and non-magnetic. It is 
not surprising, therefore, to find that in the 
case of cast irons, developments have resulted in 
the production of corresponding alloy irons. In 
fact, as long ago as in 1923, S. E. Dawson pub- 
lished the first details with regard to his non- 
magnetic cast iron, this being an iron alloyed 
with approximately 10 per cent. nickel and 6 per 
cent. manganese. Since that time a number of 
other austenitic irons have made their appear- 
ance, amongst which special mention might be 
made of ‘‘ Ni-Resist,’’ first developed under the 
name of ‘‘ Nimol,’’? and now manufactured under 
a number of proprietary names, and _ also 
Nicrosilal,’’ developed by the B.C.I.R.A., and 
consisting essentially of their ‘‘ Silal ’’ heat- 
resisting iron rendered austenitic by means of 
18 per cent. of nickel. 

Between these two extremes in the alloy irons 
lies a range of alloys characterised by high 
matrix hardness. These irons correspond to the 
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air-hardened and heat-treatable alloy steels and 
haves proved extremely useful where grey irons 
are required with a high degree of resistance to 
abrasion. 

These latter irons: are particularly interesting 


“from the heat-treatment point of view, and for 


many castings required in the hard condition, 
but also required to be machinable, they offer 
special advantages, since they can be cast in the 
machinable condition and after machining can 
be rendered hard and tough by means of an oil 
quench followed by tempering. <A typical appli- 
cation is in connection with cylinder liners for 
automobile engines, for which the new abrasion- 
resistant irons are finding an important use. 


White Irons 


It is worth mentioning in this connection that 
the principles of matrix hardening with alloys 
or with heat-treatment have now been applied 
to the production of white irons, and to-day the 
hardest castings available consist of white or 
chilled irons in which the matrix of the metal 
is rendered martensitic, giving a Brinell hard- 
ness in the casting of something like 800. This 
iron is of special interest for rolls for various 
purposes and in many types of crushing and 
grinding plant. 

Other developments concerning the matrix cf 
cast iron have been in connection with such 
factors as phosphorus content, it having been 
established by a number of workers that in 
order to obtain the maximum strength and im- 
pact resistance and soundness in iron castings 
it is essential to keep. the phosphorus low, an 
ideal figure being approximately between 0.2 and 
0.3 per cent. Any lack of fluidity in these irons 
on account of the low phosphorus can nowadays 
he adequately compensated by the improved 
melting facilities with the consequent higher 
casting temperatures available. 

Another factor which has, of course, received 
considerable attention and which is closely tied 
up with the control of the matrix detailed above, 
is the maintenance of the proper proportion of 
combined carbon, and in order to obtain modern 
high-duty irons it is essential that the full com- 
position of the iron should be so balanced that 
the correct proportion of combined carbon ‘s 
maintained in the casting. This is particularly 
important in the case of chilled castings where. 
by suitable manipulation of the carbide and 
graphite-forming elements, a careful control of 
the chill depth can be maintained. 


Modern High-Duty Cast Iron 

The various developments described ahove owe 
their origin to some extent to the automobile 
industry which in its growth since the beginning 
of this century has had a profound influence on 
metallurgy of all types. Many of the special 
irons available to-day have been developed for 
application in this field and special reference 
in this connection might be made of the low- 
carbon heat-treated alloy irons now being inten- 
sively studied for automobile crankshafts, an 
application whose success depends on the excellent 
fatigue resistance of cast iron and its capacity 
to damp out vibration. Reference might also 
be made to automobile brake drums for which 
various grades of iron have been developed, some 
of them being the product of the electric furnace. 

Cylinder wear, to quote another example, has 
heen largely eliminated by the use on the one 
hand of hard or heat-treatable irons where 
abrasive wear is predominant or, on the other 
hand, by means of austenitic cast iron where 
corrosion is prevalent as in many types of 
vehicles such as delivery vans and doctors’ cars 
engaged continuously on short runs. 

Of more interest to the general engineering 
trade is the development of high-strength cast 
iron. The progress that has been made in this 
field can perhaps be judged best by stating that 
to-day strengths up to 30 tons per sq. in. can 
readily be obtained in castings without heat- 
treatment, whilst a figure of 25 tons per sq. in. 
has actually been recorded on a 17-ton crusher 
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frame. On the other hand by taking some of 
these modern high-duty irons and_ subjecting 
them to heat-treatment, tensile strength figures 
of a far higher order are available to engineers 
and 80 to 35 tons is by no means out of the 
way whilst figures have been reported up to the 
50-ton mark. 

These high-strength irons offer special advan- 
tages in many types of castings where at pre- 
sent cast steel is used, as for example, in the 
case of flywheels where the stresses are such 
that ordinary cast iron is not generally con- 
sidered good enough. Cast steel has in the past 
been adopted and trouble frequently arose owing 
to the difficulty in obtaining steel castings in a 
sound, reliable condition. The modern high-duty 
irons adequately fill the need, combining as they 
do high-strength characteristics with a remark- 
able uniformity and density throughout sections 
of varying thickness. 

For abrasion-resistant castings, as explained 
above, a hardness range up to 800 Brinell is now 
covered by modern cast iron whilst figures up 
to 500 can be obtained in castings which are 
readily machined in a softer condition and then 
hardened by heat-treatment. For heat and 
corrosion resistance in the power and chemical 
industries the modern austenitic cast irons find 
an important place. 


The Position of To-day 


Whilst it is accepted that these modern irons 
are available to engineers it cannot, unfortu- 
nately, be stated that they are in general pro- 
duction. In fact it is perhaps true to say that 
the development of these irons has been, and still 
is, slow, and their introduction to industry has 
been delayed both by the conservatism of the 
average engineer and also by a number of other 
causes, amongst which not the least is the isola- 
tionist attitude of some foundrymen who tend 
perhaps to look askance at metallurgical progress 
as being something foreign to the cast iron 
industry. Industrial application in these special 
irons is perhaps further delayed by the lack 
of co-operation which frequently exists between 
the foundryman and engineer. This attitude is 
responsible for a great deal of misunderstanding 
as is evidenced by reference to the engineering 
handbooks. 

To quote a typical case, one well-known hand- 
book, dated 1934, gives the tensile strength of 
cast iron as varying from 5 to 13.5 tons per 
sq. in., and states that a good average strength 
for cast iron is 7.2 tons per sq. in. Almost 
similar figures are given in another mechanical 
engineers’ pocketbook, giving remarkable 
evidence of the fact that engineers, as a whole, 
do not appreciate the progress that has been 
made in the foundry industry during the last 
25 years. It is perhaps difficult to suggest any 
immediate remedy for this state of affairs, but 
two important points to which every foundry- 
man should give attention are, firstly, the need 
for greater co-operation among foundries as an 
industry, so that all can work together for the 
common good. 

Ample means are afforded in this connection 
through membership of the technical association, 
the Institute of British Foundrymen, whilst 
another means of great importance, is by active 
participation in the activities of the industry’s 
research association. It is only by co-operative 
effort of this type that it will be possible to bring 
more and more to the notice of engineers the 
best products of the ironfoundry to-day. 
Secondly, contact with the engineers is, of course, 
vitally necessary, not only that the best use 
should be made of cast iron to-day, but also so 
that an adequate price will be paid by the engi- 
neer for high-quality castings, since, naturally, 
no one will be willing to sell at ordinary-iron 
prices a modern high-duty casting. 

It has been impossible in the short time at 
‘he author’s disposal to deal adequately with 
any one branch of the technical development of 
cast iron in the past 25 years, It is hoped, 
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however, that sufficient has been said to show 
that the development in cast-iron theory has 
been substantial, although the development in 
practice in many cases lags far behind. With 
the wide variety of special irons now available, 
cast iron can hardly still be called the Cinderella 
of the metals, and it is now up to the foundry- 
men themselves to widen the scope of their pro- 
duct and to meet competition from other fields 
of metallurgy by making full use of the tech- 
nical developments, details of which are available 
to all and offered freely for the welfare of the 
industry. 


DISCUSSION 


Mr. S. GC. E. Lioyp (Stewarts and Lloyds, 
Limited) congratulated Dr. Everest upon a very 
lucid explanation of the technicalities of cast 
iron, which explanation was such that it could 
be understood by even those of limited in- 
telligence. He recalled that about 12 years ago 
he had experienced a little trouble with cylinder 
linings, and added that if he had had available 
at that time some of the high-duty irons 
described by Dr. Everest, he would have avoided 
that trouble. 

Discussing the maintenance of supplies of raw 
materials, Mr. Lloyd said that he was neither 
war-like nor pacifist, but if we should have to 
take part in a war it, would be vital that the 
iron founders of the country should be able to 
use the maximum possible quantity of pig-iron 
produced from home ores. When it was realised 
that the bulk of the pig-iron consumed in the 
industry as a whole was produced from foreign 
ores, it would be appreciated how serious the 
position really was. Some 25 years ago a very 
large quantity of Cleveland iron was produced 
from Cleveland ores, whereas to-day he believed 
the bulk of the Cleveland iron is produced from 
foreign ores. So that a blockade or a shortage 
of ships owing to a few of them being sunk 
would result in cutting off our supplies of ore. 
Speaking as a representative of almost the 
biggest producers of foundry pig-iron in the 
country, Mr. Lloyd said he felt that the Insti- 
tute would become in the next year or two a 
much more important factor in our national 
life than was realised at the moment. He wished 
all connected with the foundry industry to feel 
that they were under an obligation to try to 
build up some form of co-operative effort, and 
that could only be done by the means envisaged 
by the meeting. It was up to all concerned as 
patriots, apart from any other consideration, 
for we could not indefinitely rely upon other 
countries for the bulk of our raw material 
supplies, otherwise we should be in the soup 
some day. 

Mr. A. W. G. Bacsnawe (Bagshawe & Sons, 
Limited, Dunstable) said that, in the Paper, Dr. 
Everest had emphasised the valuable work which 
had been done by the automobile industry in 
this country in connection with the development 
of the foundry industry, and that was a matter 
which should be generally recognised. The 
motor-car manufacturers had probably done as 
much as any body, including the Institute, to 
help the progress of the foundry industry, and 
it was time that that fact was recorded; the 
motor-car manufacturers were among the first 
who had treated the foundry as a reasonable 
producing concern rather than as the Cinderella 
of engineering. 

Mr. Ricumonp (Ipswich) said he wished the 
effort success, and took the opportunity also to 
congratulate Dr. Everest on his Paper. Know- 
ing that Dr. Everest was very interested in 
nickel, he said that, naturally, one accepted some 
of his statements with a little pinch of salt! 

Mr. C. H. Karn (Past-President of the London 
Branch) congratulated Dr. Everest on having 
dealt with a very difficult subject in a very able 
manner; he added that Dr. Everest had covered 
a very wide field within a short space of time, 
but there was very little to question in regard 
to his findings. 
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Perhaps, to the ordinary foundryman, the 
outstanding factor arising from the endeavour 
to produce high-quality irons was the modified 
foundry technique that became necessary in such 
production. Dr. Everest had dealt very well 
indeed with the improved qualities that were 
obtainable in the material, but Mr. Kain warned 
those who were contemplating the production of 
special irons that it was not so easy as it 
appeared, and that it was certainly much more 
difficult than the making of ordinary cast iron. 
An illustration had been shown by Dr. Everest 
of a flywheel, made of alloy iron, because it was 
easier to obtain a sound casting by using such 
iron than by using steel. Having had some ex- 
perience both of steel and of alloy irons, how- 
ever, Mr. Kain said that in many cases there 
was every bit as much difficulty in obtaining a 
good sound casting of complex design in high- 
duty iron as in steel. 

An important characteristic of the high-duty 
irons in the foundry was their very much shorter 
freezing range and the resulting difficulty en- 
countered in feeding them and of ensuring that 
the castings produced would be sound; incident- 
ally, there was the greater expense in removing 
headers, and so forth, after the castings were 
made. 

Commenting on Dr. Everest’s reference to the 
use of steel in improving the quality of cast 
iron by lowering the total-carbon content, Mr. 
Kain expressed the view that low total-carbon 
contents were greatly over-rated—he had in 
mind total-carbon content of less than 3 per 
cent. The average person, when starting to deal 
with that problem, was inclined, as he himself 
had been, to produce irons having total-carbon 
contents of 2.3 per cent. or something of that 
order; one could produce good iron in that way, 
but it was his experience that the most con- 
sistent results, compatible with good high 
strength, were obtained with irons containing 
between 3 and 4 per cent. total carbon. Whilst 
he had achieved extraordinarily good tensile and 
other properties in very low total-carbon irons, 
it was not so easy to produce them regularl: 
and consistently as when the total-carbon con- 
tent was rather higher. 

The problem of superheating was one which 
must be approached with considerable care. In 
a properly-managed cupola, sufficient super- 
heating could be obtained for all modern require- 
ments. 

Commenting upon an illustration shown by 
Dr. Everest of a casting having a chilled area 
with a Brinell hardness of 250, he said that that 
figure seemed extraordinarily low; he would 
expect a chilled portion of a casting to have a 
Brinell hardness considerably higher than 250. 

Finally, he referred to the practice of bubbling 
gases through cast iron in order to improve its 
properties, and said it seemed to him to be 
something for adoption in the very distant 
future, because he found it difficult to visualise 
a foundry having installed a sort of ‘soda 
fountain’? for the purpose of treating the iron 
before it was poured into the moulds. 


AUTHOR’S REPLY 


Dr. Everest, replying to the discussion, chal- 
lenged the attitude exemplified by Mr. Rich- 
mond’s remark that one should accept with a 
grain of salt some of the- claims made for the 
special irons. In that connection he mentioned 
an inquiry he had received from a firm of pump 
makers with whom he had been in correspondence 
for some time with regard to some corrosion- 
resisting cast irons. They had been anxious to 
find materials which would resist some 
particular form of corrosion, but they had hesi- 
tated on account of price, and they had not 
approached the source of supply which he had 
suggested but had put out general inquiries for 
alloy castings. As a result, some of their friends 
had advised them that not only would an 
austenitic iron fail to stand up to the condi- 
tions, but indeed, it could not be made, because 
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the copper, nickel and chromium would not dis- 
solve in the cast iron. That was the kind of 
attitude that one came up against sometimes, 
and he suggested that the closer co-operation 
about which so much had been said at the meet- 
ing would help to make better known the special 
irons that were available and would prove that, 
although there might be difficulties of a sort, 
those difficulties were being dealt with prac- 
tically. 

With regard to flywheels, he was rather sur- 
prised to hear that Mr. Kain had experienced as 
much difficulty with high-duty irons as with 
steel, because the experience of some founders 
with whom Dr. Everest had been in touch was 
such that they definitely expected to obtain a 
sounder casting with cast iron than with steel. 
If there were trouble with cast iron it would 
be probably a slight tendency to draw at some 
junctions of sections, and that could be over- 
come by proper feeding, if not too costly. On 
the other hand, he had seen many cases in 
which the machining of a steel casting had re- 
vealed, immediately under the surface, cavities 
so large that one could put one’s fist into them ; 
that was quite common in some of the heavier 
castings in steel. He suggested that Mr. Kain, 
when stating that he had experienced as much 
difficulty with iron as with steel, was not think- 
ing so much of the heavier castings as of lighter 
work. 

Mr. Karn said he suggested that cavities were 
just as likely to occur in the one as in the other. 
" Dr. Everest added that he appreciated that 
there were difficulties ; but people who were using 
the high-duty irons were getting extraordinarily 
good results and were not experiencing the 
troubles to which Mr. Kain had referred. With 
the high-duty irons they had to take more trouble 
to secure proper feeding than was the case with 
ordinary irons. 

Perhaps it was a doubtful advantage to have 
a very low total carbon content, but a total carbon 
content of 2.8 to 3.0 per cent. was better than 
the 3 to 4 per cent. which Mr. Kain had sug- 
gested. Mr. Kain wanted to ensure the elimina- 
tion of drawing and feeding troubles, and felt 
that from that point of view the higher total 
carbon content. would be better; but with the 
higher total carbon content there would be loss 
of strength. 

With regard to the diagram relating to a 
casting with a chilled area having a Brinell 
hardness of 250, he said the 250 line was purely 
empirical, but in an ordinary casting it was 
at about that hardness that one would expect 
free cementite and free carbides which would give 
trouble in machining. It would not be a white 
iron structure, but a structure tending to be 
mottled. That was supposed to represent the 
limit of ordinary free machining, the limit being 
due to free carbides. 

Finally, Dr. Everest said he did not hold any 
particular brief for the process of bubbling gases 
through the iron in order to refine it; but the 
process was an interesting technical develop- 
ment which was probably helping us towards an 
understanding of the underlying principles of 
east iron. 


Vote of Thanks 


Mr. A. S. Strokes (Ransomes & Rapier, 
Limited), before proposing a vote of thanks to 
Dr. Everest for the Paper, said he felt that some 
of Dr. Everest’s magic mixtures, even if they 
had to be accepted with a pinch of salt, as had 
been suggested, might hold a good deal of in- 
terest to the industry. Mr. Stokes then pro- 
posed a most hearty vote of thanks to Dr. 
Everest. 

Me. L. J. Trspennam (Suffolk Iron Foundry, 
Limited), seconding the vote of thanks, ex- 
pressed some surprise in regard to some com- 
ments that had been made concerning the 
highly-technical nature of the Paper, and said 
that at least some of those present must have 
a great interest in the highly-technical side of 
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the development of cast iron. Perhaps the men 
working on the foundry floor, making moulds, 
and so on, were not so interested in the technical 
side of cast iron as were those responsible for 
running the business; but if those responsible 
for the business could produce cast iron of 
thinner section and higher tensile strength than 
ordinary common grey iron, surely they would be 
able to create a new market by selling something 
cheaper or stronger than was available formerly. 
That was why he regarded the Paper as one of 
particular interest, and he heartily congratu- 
lated Dr. Everest upon its excellence. 

Mr. Deport also supported the vote of thanks 
to Dr. Everest for his interesting and instruc- 
tive Paper, which had contributed much to the 
success of the meeting. 

The vote of thanks was put to the meeting 
and accorded with acclamation. 


Heterogeneity 


There is to be presented at the forthcoming 
spring meeting of the Iron and Steel Institute a 
report on the Work of the Institute’s Hetero- 
geneity of Steel Ingots Committee, by Dr. W. H. 
Hatfield, F.R.S. This Committee was formed in 
1924, and since then has issued six reports. As 
the work progressed it was found necessary to 
undertake a study of ingot moulds, and co- 
operation with the foundry industry was 
obtained through a specially-formed sub-com- 
mittee of the British Cast Iron Research Associa- 
tion. It is rather remarkable that the personnel 
of this Committee does not include the name of 
an executive officer of a foundry unattached to a 
large steelworks. The portion of the Report 
dealing with this is as follows :— 


Ingot Moulds 

In Section II of the Second Report, pp. 405- 
423, ingot moulds were discussed in a preliminary 
manner. All the moulds under examination by 
the Committee were of cast iron. The low cost 
of that material, its comparatively high thermal 
conductivity, and the fair life of the surface 
coming repeatedly in contact with the molten 
steel, coupled with adequate mechanical strength, 
have proved sufficient justification for the 
general use of the material. Primarily, the 
function of an ingot mould is to provide a re- 
ceptacle for the molten steel, which shall, after 
freezing, be in a form suitable for subsequent 
working, whilst its further function is to abstract 
and dissipate the heat of the molten steel. The 
mould abstracts heat from the steel by two 
methods. The first is by chilling, and the 
second, which becomes the more vital as the cool- 
ing proceeds, is by the conduction of heat 
through the walls of the mould, with subsequent 
radiation from its outer surfaces. In the design 
of the mould, five points concerning the ingot 
must be borne in mind, namely (a) freedom from 
cavity, (b) suitability for and ease of further 
working, (c) minimum residual stresses, (d) the 
elimination if possible of planes of weakness, and 
(e) the lay-out of the segregates. Reference to 
Section I of the Fourth Report, p. 6, will dis- 
close diagrams of standard moulds. Appendix 
IV gives a schedule of ingot moulds. 

Section II of the Fourth Report, pp. 129-161, 
is divided into two parts. Part I consists of a 
Paper by J. G. Pearce and E. Morgan, entitled 
‘‘ Thermal Properties of Ingot Mould Irons.” 
Chemical analyses of moulds from various sources 
are given, and the characteristics of the iron of 
which the moulds are made are discussed. The 
density of ingot-mould iron decreases as the total 
carbon and silicon contents increase, and de- 
creases as the temperature rises. The electrical 
resistivity increases with an increase of the total 
carbon and silicon. There is little variation in 
the critical points on heating and cooling or in 
the rate of thermal expansion, The capacity 
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for permanent growth varies from iron to iron. 
During its life, the total carbon content of the 
mould metal decreases, owing to decarburisation 
at the working face, and the combined carbon 
falls, owing to the conversion of pearlite to 
ferrite. These changes are greatest at the work- 
ing face, and produce a consequential increase 
in density. The physical properties are deter- 
mined by the composition and, in part, by the 
structure, which, in turn, is governed partly by 
the conditions of melting and casting. In view 
of the variety of structures obtainable, there 
seems little likelihood of establishing direct corre- 
lation between the physical properties and the 
constitution. Part II is by Dr. J. W. Donaldson, 
who determined the thermal conductivities of the 
four specimens of ingot-mould iron used in the 
first part of this section. 

In Section IV of the Fifth Report, pp. 26-27, 
and Section IL of the Sixth Report, pp. 32-33, 
will be found details of further moulds. 

The Ingot Mould Sub-Committee was insti- 
tuted in November, 1934, its stated object being 
to examine all factors, including (1) ingot mould 
design (2) composition, (3) mode of manufacture, 
and (4) mode of utilisation, governing the life 
of ingot moulds and their effect on steel quality. 

The Ingot Mould Sub-Committee have made an 
attempt to classify the factors having an 
influence on mould life, including those connected 
with the manufacture and utilisation of the 
moulds, and to consider the more important of 
these in order of priority (see Sixth Report, 
Section I, p. 17). Details of mould life in steel- 
works practice have been received from member 
firms who are represented on the Sub-Committee, 
in accordance with a questionnaire designed to 
elucidate as far as possible the various factors 
governing mould life under varying conditions, 
and these have been tabulated. Investigations 
are in progress with a view to isolating the more 
important factors, and examining their influence 
on mould life. In addition, the problem of 
ingot mould failure has been reviewed from the 
point of view of the influence of the composi- 
tion and structure, and a bibliography of all 
the important literature on the design, manu- 
facture, utilisation, composition and structure, 
defects and failure of ingot moulds, has been 
compiled. 

As regards future work, this may be divided 
under two heads: 


(a) Continuation of individual works studies. 


(b) Preparation of batches of test moulds 
according to the recommendation of the Director 
of the British Cast Iron Research Association 
(Mr. Pearce). 


Problems under (a) being considered at the 
moment are: 

The influence of annealing moulds on their 
life. 


The influence of time between casting a mould 
and removal of the sand. 


The influence of specially quick stripping of 
the ingot. 


The influence of the composition of mould 
material—further examination. 


The trial of vanadium-titanium irons, e.g. 
‘‘Vantit ’’ iron, for the mould. 


The effect of mould dressings on mould life. 


The influence of mould-casting temperature on 
the behaviour of the mould. 


The designs of moulds and the best composi- 
tion for each purpose, the variation in composi- 
tion for different weight of mould, the effect 
of the ratio of the mould thickness to the weight 
of the ingot on the ingot quality, are matters 
for future consideration. 

Under (b) batches of test moulds according 
to the B.C.I.R.A. method are being prepared, 
and all details are being collected by an assistant 
(Mr. E. Hinchliffe), who has been appointed for 
this purpose, 
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Refractories for Enamelling Muffle 


Furnaces 
By JOHN WALKER, A.R.S.M., B.Sc. 


When the writer came to prepare this Paper, 
he was reminded of the kinship which exists 
|otween the arts of enamelling and clay working. 
(ne is told that it is not certain when enamelling 
first began, but that it was certainly practised by 
ine early Chinese, ancient Egyptians, Baby- 
lonians and—nearer home—the Celts. Clay, 
however, seems to have been one of the earliest 
raw materials of which man made use, and its 
working and shaping one of his earliest arts. No 
doubt he saw it puddled after heavy rains, felt 
its plasticity with his feet and hands, noticed 
how hard it dried in the sun, and thus came to 
make his first primitive sun-dried vessels. The 
hardening effect of firing was no doubt found 
accidentally. When refractoriness first became a 
erious consideration it is difficult to say, but if 
King Nebuchadnezzar’s furnace was as hot as it 
is claimed, he must have been able to specify its 
construction from something good among the 
early firebricks. 

Enamelling and clay working have both been 
put on to a more scientific basis in relatively 
recent times and, as a result, have made great 
progress. Incidentally, in its latest advances, 
refractory making seems to have borrowed some- 
thing from its sister craft. Looked at through an 
enameller’s eye, the modern Bailey Wall as used 
in water-tube boiler furnaces, must look some- 
thing like a giant sample of Cloisonné work with 
the refractory enclosed in a series of metal 
pallets. There is also a growing tendency to fuse 
refractory materials before use to get them into 
their most inert and volume stable form. 

The term ‘‘ refractories ’’ in its broadest sense 
embraces all materials used for the construction 
of heat-resisting containers, and their two chief 
functions are heat insulation and heat transfer. 
in fulfilling these two functions a host of require- 
ments have to be met, and the heat-resisting 
quality of the refractory may at times be quite a 
secondary consideration. 

Refractories, in addition to having to with- 
stand high temperatures, are frequently expected 
to resist the effects of big stresses or loads under 
such conditions, or to resist mechanical abra- 
sion, penetration by molten metals, attack by 
molten slags and fluxes, and to withstand the 
effects of fluxing vapours or disintegrating gases, 
Sometimes rapid heat transfer is required, or 
under another set of conditions heat insulation 
is essential. Electrical conductivity may be 
wanted or, on the contrary, good electrical in- 
sulation. It is obvious, therefore, that no one 
refractory could meet all these requirements 
properly. In general, commercial refractories 
are compromises which meet a group of contra- 
dictory requirements tolerably well, but there is 
an increasing tendency for special-purpose re- 
fractories to be developed and used to meet a 
certain definite requirement. 


Requirements for Refractories 
With the wide range of modern refractories 
from which to choose, the selection of most 
suitable material is not easy for the user, but 
the experience and technical knowledge of lead- 


* A Paper read before The Institute of Vitreous Enamellers in 
Manchester and Glasgow. 


ing manufacturers is readily available and can 
be of great assistance. The general requirements 
for refractories include :— 


(1) High refractoriness. 

(2) High strength hot and/or cold. 

(3) Volume stability at high temperatures. 

(4) Resistance to slag attack. 

(5) Resistance to rapid temperature changes 

and other thermal stresses. 

(6) Low or high heat capacity. 

(7) Low or high thermal conductivity. 

(8) Low or high electrical conductivity. 

It is proposed to consider which of these re- 
quirements must be met in providing suitable 
refractories for enamelling muffle furnaces. 
Generalising, one can say that all enamelling 
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Fie. 1.—Benaviour or REFRACTORIES 
UNDER Loap, 


muffle furnaces consist essentially of :—(a) A 


Vitreous 


peratures up to, say, 1,500 deg. C. or more may 
be reached in the heat-generating chamber. As 
the refractory for this part of the furnace has 
to withstand such a temperature for months on 
end, and as the atmosphere may tend to be of 
a reducing character, the refractory used should 
have a refractoriness of at least Seger Cone 33 
to 34 (1,730 to 1,750 deg. C.), and preferably 
34 to 35, in order to have a reasonable margin 
of safety. 


The wisdom of this will be better appreciated 
when it is remembered that the commonest re- 
fractories are aluminium silicates, such as fire- 
clay, which in general have a softening range 
rather than a definite melting point. Therefore, 
refractoriness figures such as: those mentioned 
are merely the temperatures at which the 
material shows an arbitrary amount of soften- 
ing under the conditions of one or other of the 
known *‘‘ refractoriness tests.’’ 

Such tests are usually made under oxidising, 
or at least neutral, conditions, and it must also 
be remembered that a reducing atmosphere 
tends to lower the refractoriness of most cera- 
mic bodies by reduction of the iron compounds 
present to the more fusible ferrous state. It is 
not difficult to find a refractory of which the 
cold mechanical strength is adequate for the 
stresses and loads encountered in the walls or 
arches of a combustion chamber. 

Actually a wall built of firebrick would have to 
be about 5,000 ft. high (which would take one 
about one-sixth of the way up Mount Everest) 
before it would crush the bottom brick in the 
cold state. It is quite different when the furnace 
is hot, however, and squatting of bricks in walls, 
or deformation of bricks in sprung arches, is not 
unknown. The strength decreases with rising 
temperature, mainly because of the gradual 
softening of the glassy matrix. Several tests 
have been developed to measure the hot strength 
of refractories, the most widely-used type being 
‘refractoriness under load tests.’’ The figures 
so secured and published must be compared with 
caution as the results vary greatly with the rate 
of heating, size of test-piece, furnace atmosphere 
and load applied. It is hoped that one day a 
standard test will be recognised throughout the 
industry. 

The manufacturer can learn a very great deal 
from these tests, particularly if a curve is plotted 
showing the behaviour of the refractory from 
the time the load is applied until final collapse. 
Some typical curves are shown in Fig. 1. Curve 


heat-generating chamber ; (b) the working space; 2 is a load curve for a high-grade Scottish fire- 


and (c) a general structure surrounding, or en- 
closing, (a) and (b). 


The Heat-Generating Chamber 
The conditions in the heat-generating chamber 
are largely bound up with the fuel used, and in 
this country there are available coal, gas of 
several types, fuel oil, or electricity. The first 
of these, coal, appears to hold an important 
place. Oil is now widely used also, but town-gas- 
fired furnaces have received more attention 
lately, while electricity is used in some areas 
where power is available at an economical price. 
It is proposed to deal with coal firing first and 
in most detail, for, though the conditions are 
frequently less severe than with oil firing, the 
various refractory problems can be more clearly 

described in the case of the solid fuel. 


Coal-Fired Furnaces 
Referring to requirements set out above, there 
is first ‘‘ refractoriness.’’ With coal firing, tem- 


brick with 43 to 44 per cent. alumina, whilst 
Curve 1 represents a siliceous fireclay brick, a 
type which may contain anything between 75 and 
85 per cent. silica. It will be noticed that while 
the point of initial softening is higher with the 
latter, the softening range is much shorter and 
complete collapse takes place more suddenly and 
at a lower temperature than with the aluminous 
firebrick. In the softening range the extent and, 
more particularly, the rate of deformation, in- 
creases very rapidly with only small increments 
of temperature or load; so that in furnace con- 
struction of which parts may occasionally go to 
temperatures in the higher end of the softening 
range, aluminous bricks should be used to avoid 
sudden complete collapse. Curve 4 of Fig. 1 is 
the load curve of an aluminous super-refractory, 
which it will be seen falls into entirely different 
class and is suitable for withstanding the highest 
temperatures likely to be reached in the com- 
bustion chamber of any enamelling muffle furnace 
at present known. 
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Volume Stability 

The third requirement is volume stability, by 
which is meant the absence of any tendency for 
the refractory to show a permanent decrease or 
increase in volume after exposure to the furnace 
temperature. Although in general such volume 
changes rarely exceed, say, 1 or 2 per cent., and 
as such are not always sufficient to affect the 
structural stability of the furnace appreciably, 
they can lead to physical spalling, or breaking 
away of the altered brick face. Siliceous fire- 
bricks usually show a permanent expansion or 
growth in use due to inversion of the quartz 
present, to a less dense form of silica. True 
silica bricks, which often contain about 95 per 
cent. SiO,, are liable to such large after-expan- 
sions that special provision has frequently to be 
made to accommodate them. 

Aluminous firebricks have a slight tendency to 
shrink in use at very high temperatures, but this 


Fig. 2.—APPEARANCE OF THE FACE OF A 
Rerractory Brick COVERED WITH A 
Viscous 


can be obviated or minimised by adequate kiln- 
ing. Some of the super-refractories also tend to 
grow ,under certain conditions; silicon carbide, 
for example, can oxidise or “‘ perish ’’ and swell 
if exposed to severely oxidising conditions at low 
temperatures. However, by careful selection of 
raw materials, converting them into a stable form 
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deliberately been made as general as possible, 
however, and should also interest those who 
have to consider heat-treatment furnaces, 
cupolas and even frit kilns. The mechanism of 
slag attack is extremely complex, and it would 
be out of place to enter into full details here. 
Those who are sufficiently interested will find the 
problem discussed fairly fully in an article* pre- 
viously published. An endeavour has been made, 
however, to illustrate by means of rough sketches 
the three main types of slag attack. The ash 
of coal—or coke—consists of silica and alumina, 
with varying amounts of titania, iron oxide, 
lime, magnesia, potash, soda and other oxides. 
This ash melts to a slag, the melting point of 
which varies considerably with the composition, 
as shown by Table I. 


Slag Attack 


The fluxing oxides produce slags which differ 
in viscosity, lime in particular tending to give 
a very fluid penetrating slag. The iron-oxide 
content is also very important, since it is the 
fluxing oxide usually present in greatest amount, 
and is particularly active under reducing con- 
ditions. The fluidity of a slag and, therefore, 
its activity, its power to penetrate and dissolve 
refractory, increases with the temperature. An 
examination of the first slag-attack diagram, 
Fig. 2, shows a section of refractory, the exposed 
surface of which is covered with a heavy layer of 
viscous slag. The thickness of the slag layer 
suggests that it is too viscous to be dissolving 
the refractory rapidly, and there is no penetra- 
tion. Either the slag is a very refractory one 
or, more likely, the temperature of operation 
is low. In such cases the slag coating will to a 
certain extent act as a protection against any 
abrasion by dust-laden furnace gases. One might 
say that the refractory had a protective coat of 
unusually ‘‘ hard ’’ enamel, and wear should be 
slow. 

The second slag-attack diagram, Fig. 3, shows 
a refractory with a coating of slag which is 
thinner and more fluid either because it is of 
a more fusible composition or because the tem- 
perature is higher. Moreover, there is a 
bleached interface between the slag proper and 
the refractory, which is frequently known as 
the ‘‘ white line.’”’ This is usually a layer of 
interlacing crystals formed from the refractory 
as a result of the heat-treatment it has received 
and reaction with the slag. These crystals con- 
sist of felspars, mullite and corundum, while the 
interstices between the crystals are filled with 
viscous siliceous glass. 


TaBLE I.—Analyses of Coal. (Professor Bone.) 


Durham | Barnsley} Wigan 
ha hard coal] 4-ft. Arley. 


coking. |S. Yorks.| seam. 


| Wigan 


Trencher- U.S.A. 
Bone. pa Florida. coals, 


Colour of Dark | Choco Dark Choco- | Dark | Pittsbur Central 
| | | late red. | late. | red. | No. 8. | Ilionois. 
SiO, os} 38.9 51.8 48.0 31.4 26.4 39.4 33.8 30.0 55.9 36.4 
Al,O, ..| 25.8 38.3 35.0 21.1 28.0 28.5 21.8 19.2 29.7 11.2 
Fe,0, 25.0 5.64 2.5 22.9 32.4 22.9 29.3 22.1 8.3 16.5 
CaO 3.7 0.45 9.3 16.3 7.0 4.3 3.0 11.0 2.0 17.6 
MgO 2.1 0.74 _— —- 2.9 1.0 3.3 3.7 0.6 0.8 
Alk. 4.8 1.71 — 0.1 0.28 0.17 0.3 _ 2.3 2.2 
SO, — = 5.3 7.0 2.74 3.3 | 8.6 13.3 1.2 15.3 
deg. C. | deg. C Softens Softens 
M. Pt. 1,150 1,500 — 


1,470 1,100 
Fluid Fluid 
deg. C. deg. C 
1,510 1,180 


by calcination or fusion, by correct blending of 
particle sizes and bonding, by shaping under 
high pressures and by adequate heat-treatment, 
refractories are now made for which an extremely 
high degree of volume stability can be claimed. 
The factor of slag attack is more important 
in the case of coal firing than with the other 
types of fuel mentioned. These comments have 


The higher the alumina content of the refrac- 
tory, the greater is the proportion of mullite 
and corundum, and as both these minerals re- 
dissolve in fresh slag very slowly, the ‘‘ white 
line”? formed on high alumina bricks is strongly 
protective. In the case of high-silica firebricks, 


* « Engineering,” January 6 and 13, 1933. 
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this layer is more like a viscous glass or glaze, 
which is rapidly melted off if the working tem- 
perature increases slightly. Being softer, it is 
also more easily ‘‘ abraded ’’ by impingement of 
high-velocity furnace gases. The presence of 
any protective layer on a firebrick, however, 
tends to check penetration by fluid slags, and 
the greater ease with which such layers form on 
the more siliceous refractories renders them use- 
ful against fluid-penetrating slags at low tem- 
peratures. 

The third slag diagram, Fig. 4, is drawn to 
a larger scale than the other two and the black 
slag layer shown is meant to be thin and fluid. 
This fluid slag has penetrated right into the 
texture of the refractory and grog particles are 
being carried away by the rapidly flowing slag 
in a partially-dissolved state, either because they 


Fie. 3.—Section or Brick, THE FACE oF 
WHICH HAS BEEN ATTACKED BY A MORE 
Siac. 


are more refractory and inert than the bond, or 
merely because they are somewhat larger and 
expose proportionately less surface to solution. 
This diagram (Fig. 4) illustrates severe erosion. 

In practice, however, the position is much 
complicated by the important influence of the 
physical characteristics of the refractory, such as 
its texture, the nature of its bond, its perme- 
ability and so on. Furnace conditions, furnace- 
gas velocity and direction, furnace atmosphere, 
the temperature gradient through the refractory, 
etc., may also play deciding parts in the refrac- 
tory service secured. 


Permeability and Porosity 


Limitations of space prevent anything further 
being said about these aspects of slag attack, 
except to touch on the influence of the perme- 
ability of a refractory. Frequently too much im- 
portance is attached to porosity and too little 
to permeability. Porosity is merely a measure of 
the amount of pore space in a refractory, perme- 
ability is a measure of the ease with which fluids 
penetrate those pores, and it is influenced by pore 
size, shape and distribution. By suitable manu- 
facture a low permeability can be secured in 
aluminous firebricks of medium porosity, 1.¢., 
20 per cent. porosity. Incidentally, if one may 
digress for a moment from the main subject of 
this Paper, those readers who have also to con- 
sider refractories for their foundries will be 
interested to learn that marked improvements 
have been made in cupola refractory life by using 
in the melting zone a low-permeability Scottish 
fireclay brick of the 43 to 44 per cent. alumina 
class. Set (thin joints) and washed over with a 
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dense burning aluminous cement, such bricks 
beeome welded into an almost monolithic struc- 
ture with a good dense working face. 


Thermal! Strains 


In the original tabulation of refractory require- 
ments, resistance to rapid temperature changes 
and other thermal strains came next. Dealing as 
is being done at present with the combustion 
chamber of coal-fired muffle furnaces, it can be 
said that spalling is not a common occurrence. 
Failure by spalling or cracking can, however, be 
so disastrous and rapid that its main aspects are 
worthy of consideration. 

There are roughly three types of spalling. The 
first is thermal spalling proper, caused by too 
rapid heating or cooling. Fig. 5 illustrates 
roughly the two main types of failure. The left 
side shows how rapid heating of a block on one 
face has caused a crack parallel to and near 


Fie. 4.--Tuts Diagram, DRAWN To LARGER 
SCALE, SHOWS THE MECHANISM OF THIN 
Stace Arrack. 


that face so that a layer will flake off. The other 
side shows how rapid cooling of one face has 
caused it to contract and set up tensile stresses 
which have led to a crack opening up as shown, 
perpendicular to the face which has been chilled. 

Refractory materials in general have low ten- 
sile strength and a relatively high crushing 
strength, and therefore fail most readily where 
the tensile stress is greatest. The liability to this 
class of failure is influenced by the size and shape 
of the refractory piece. The larger a refractory 
block the greater is the risk of it spalling, while 
in the case of pieces heated or cooled rapidly on 
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Fie. Two Main Types oF 
SPALLING. 


one face, the largest dimension of that face will 
chiefly determine the ease of failure. 

Rapid changes of cross section or sharp bends 
or angles are also bad. Incidentally, small simple 
shapes can be manufactured with greater homo- 
geneity of texture, and are sounder and stronger. 
Two important properties of the refractory 
material itself which determine resistance to 
thermal spalling are its reversible thermal expan- 
sion and texture. Figs. 6 and 7 show curves 
with the reversible thermal expansion of various 
common refractories plotted against temperature. 
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Curve E, Fig. 6, was secured from silica bricks 
and is high and irregular. It is much influenced 
by the fact that all three forms of silica, quartz, 
cristobalite and tridymite have expansion curves 
with sharp inflections in them, representing 
changes from the alpha to the beta form of those 
minerals. Quartz, for example, gives a rapid 
expansion round 575 deg. C. Curve F shows the 
expansion of pure clay substance (42 per cent. 
alumina) which is fairly small and regular. 
Siliceous fireclays come between E and F, accord- 
ing to the silica content. Curve A, Fig. 7, is an 
example of this. 

Most aluminous refractories have a reversible 
expansion similar to clay substance, the higher 
alumina ones expanding slightly more. With 
aluminous firebrick an expansion of } per cent. 
up to 1,000 deg. C. is commonly allowed. Curve 
D is that of fused silica and is probably the 
lowest of any refractory material, but C repre- 
sents a special aluminous fireclay material with 
an unusually low reversible thermal expansion. 


Spalling 


It is widely known that the high irregular ex- 
pansion of silica refractories renders them prone 
to spalling, and they should only be used where 
there are no severe temperature fluctuations ; 
also they should not be allowed to cool through 
the dangerous 500 to 600 deg. C. range. They 
are not, therefore, really safe in the combustion 
chambers of intermittently-worked furnaces. In 
highly-siliceous firebricks (70 to 85 per cent. 
silica) the same weakness is present to a lesser 
degree, for in addition to there being less of 
the dangerous free silica, a measure of elas- 
ticity contributes to the improvement. The 
special low-expansion fireclay is in general not 
suitable for coal-fired or other high-temperature 
combustion-chamber work, as it is insufficiently 
volume stable and refractory. 

It has, however, met with great success in 
suspended arches and walls as used, for example, 
in water-tube boiler furnaces, where the tem- 
peratures may be equally high, but where the 
special construction results in the load on the 
refractories being reduced to its own weight, or 
the weight of only a few blocks if the blocks 
are suspended in small ‘ bunches.” 

The reversible expansion is most important in 
minimising spalling at temperatures below 
1,000 deg. C. Above that temperature the soft- 
ening of the glassy matrix present in most re- 
fractories allows the material to accommodate 
itself to the volume changes by slight plastic, 
i.e., pyroplastic flow. Texture also plays an 
important part in determining the resistance of 
a refractory to thermal spalling. By suitable 
blending of different sizes of grog, an openness 
or elasticity of texture can be obtained to per- 
mit the refractory to accommodate itself with- 
out fracture to the volume changes produced by 
variations of temperature. 

The second type of spalling is frequently called 
‘* physical ” spalling. High temperatures and/ 
or penetrating fluxes or slags vitrify a layer of 
the refractory next to the working face in such 
a way that it shrinks or expands relative to the 
major portion of the block, so tending to shear 
itself off. Changes in the thermal expansion of 
the altered layer tend to make failure quicker 
and more certain, and Fig. 8 illustrates this class 
of failure. 

The third type of spalling can be called 
mechanical spalling, because it arises as a result 
of crushing and/or shearing of the working 
face by structural movements, the absence of 
adequate expansion joints and so on. In the 
case of coal-fired furnaces, a special form of 
mechanical spalling arises from clinkering opera- 
tions. Slag or clinker adheres to the furnace 
walls beside the grates, and frequently, when 
this is stripped off, large pieces of the firebrick 
come away with it. This trouble can be over- 
come by using a few courses of silicon-carbide 
bricks, which, in addition to being much 
stronger, are non-clinkering, having almost a 
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greasy surface which is not readily wetted and 
adhered to by coal-ash slags. 


Heat Capacity and Thermal Conductivity 

The next two factors, heat capacity and ther- 
mal conductivity, can be considered together, 
particularly as far as the combustion chamber 
is concerned. In general, one side of the com- 
bustion chamber also forms a side of the work- 
ing chamber or muffle. In this side a high rate 
of heat transfer is desirable to give rapid heat- 
ing of the charge, with a corresponding increase 
in output and decrease in fuel costs per unit of 
ware treated. A few years ago silicon carbide 
was widely used in such positions, but in some 
cases the oxidising atmosphere maintained in 
the muffle by frequent opening of the charging 
door resulted in slow oxidation and subsequent 
growth of this floor, with warping and finally 
collapse. This oxidation usually proceeds most 
rapidly in a temperature range of from 800 to 
1,000 deg. C. approximately, temperatures at 
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which there is little or no glazing action and the 
surface remains relatively non-protective. Oxida- 
tion is usually very slow at lower temperatures, 
and is also much less rapid above 1,000 deg. C. 
Even under the worst conditions a service 
measured in months was secured, but the saving 
in fuel and increase of output per day was 
frequently offset by the need for relatively fre- 
quent shut-downs, costly repairs and loss of 
working time. Although silicon carbide is still 
used successfully in such positions in some fur- 
naces, particularly where bottom heat is very 
important, yet in recent years there has been a 
tendency to use fused alumina refractories 
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instead. The thermal conductivity, though lower 
than that of silicon carbide, is still very high, 
but the complete freedom from oxidation and 
growth and the good volume stability have made 
such refractories a general success. 

As far as the other three main sides of the 
combustion chamber are concerned, high heat- 
transfer is in general undesirable, as heat trans- 
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ferred through these walls may lead to heat losses 
from the outside of the furnace. Big advances 
have been made in insulating bricks in recent 
years and grades are now available which will 
withstand temperatures of over 1,500 deg. C. 
without shrinkage, while surface temperatures of 
up to 1,600 deg. C can be withstood satisfac- 
torily. 

In regard to temperature, such bricks could be 
safely used even on the face of the combustion 
chamber but, being light and porous, they are 
quite unsuitable with coal or oil firing, since they 
are readily dissolved by slag or abraded by the 
impingement of dust-laden furnace gases. Where 
conditions of dry or clean heat exist however, 
such bricks show very big fuel savings, both as 
a result of the decrease in heat losses from the 
outside of furnace walls, and more particularly 
because of the low heat capacity or storage of 
such refractories. The amount of this loss varies 
a lot with the design of furnace and its mode of 
operation. 

In continuously-operated furnaces of the tunnel 
type, for example, while good heat insulation 
means low radiation losses, the loss due to heat 
storage is almost negligible. At the other ex- 
treme with furnaces which are worked inter- 
mittently on a short quick cycle, heat-storage 
loss is a big factor. In such furnaces by the use 
of a high-grade insulating brick in place of fire- 
brick, heating times have been decreased by 
75 per cent. and these remarkable reductions 
have been accompanied by fuel economies of the 
same order. Enamelling muffle furnaces are fre- 
quently worked on a one-day cycle and can, as 
a whole, be said to occupy an intermediate posi- 
tion between the two extremes already men- 
tioned. Heat-storage loss can be quite an im- 
portant factor and in the case of coal-fired 
combustion chambers the use of the thinnest 
possible, say 44 in., refractory lining is recom- 
mended, backed up by a good high-temperature 
insulating brick, one which would withstand, 
say, 1,300 to 1,400 deg. C. The minimum thick- 
ness of refractory which can be used will be 
linked up with the necessity for adequate tying-in 
to secure structural stability. 


Oil-Fired Combustion Chambers 

In dealing with coal-fired combustion cham- 
bers, the various factors considered have been 
treated in a general way so as to apply to other 
types of firing also, but with oil firing the follow- 
ing additional points must be borne in mind. 
The intensely-hot oil-flame tends to give higher 
combustion-chamber temperatures and _ those 
parts of the structure which receive direct-flame 
impingement become very hot. While aluminous 
firebricks with 52 to 54 per cent. alumina and 
refractoriness of cone 35 have been used success- 
fully in oil-fired combustion chambers, they have 
not a sufficient margin of safety when used at the 
high temperatures attained in some modern oil- 
fired furnaces and, under very severe conditions 
some squatting and deformation may occur. For 
high-temperature oil-fired combustion chambers, 
the use of a really volume-stable fused alumina 
brick is strongly recommended, the initial higher 
cost being offset by the structural stability and 
long life secured. 

It is commonly supposed that oil fuel has no 
slag, but though the aslr content is usually only 
measured in fractions of 1 per cent., it may con- 
sist of alkalis, nickel, cobalt or vanadium com- 
pounds, which can, under certain conditions, 
influence the refractory service appreciably. 
With furnace designs embodying small ports the 
gases leave the combustion chamber at a high 
velocity and evidence of a scouring action, 
partly erosive, partly abrasive, is frequently 
seen. Occasionally volatile fluxing agents in fuel 
oils have resulted in physical spalling troubles. 


Gas-Fired Combustion Chambers 


Town Gas.—The recent interest in town-gas 
firing has followed the evolution of new enamel- 
ling muffle-furnace designs of a lower heat capa- 
city type, with increased radiant heating sur- 
face, and with recuperation—all of which steps 
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aim at economising a fairly expensive fuel. The 
fuel economy secured by such means, and the 
ease of control, have made such furnaces attrac- 
tive. Conditions as far as refractories are con- 
cerned are usually easy, temperatures are 
medium or low, no slag has to be considered, 
too high a thermal conductivity may be a dis- 
advantage, and good Scottish firebrick is there- 
fore adequate in most cases. There is the pos- 
sible exception of any suspended or part-sus- 
pended tubular elements or arch blocks, for 
which the special low-expansion fireclay is in- 
dicated in order to avoid cracking and subse- 
quent flaking. 

Producer Gas.—Recuperative producer-gas 
muffle furnaces are also used, but most of the 
refractory requirements have already been 
covered in the section dealing with coal firing. 
Where a separate producer is used, a good dense 
Scottish firebrick with 35 to 40 per cent. alumina 
is usually adequate for the producer lining, un- 
less conditions are unusually severe, due, for 
example, to the use of a dirty fuel with fusible 


Fig. 8.—An or Puysican ’’ SPALLING. 


ash. In such cases a higher aluminous firebrick 
with 43 to 44 per cent. alumina, with a good, 
dense texture, is necessary. In the combustion 
chamber itself, in order to secure economical 
service, something better than a firebrick is 
wanted, and a higher alumina grade with, say, 
52 to 54 per cent. alumina, is desirable to give 
the required volume stability and resistance to 
deformation under load over a prolonged period. 
Such a brick also offers good resistance to any 
slag attack which may arise from the deposition 
by the gas of a certain amount of fuel ash and/ 
or fine fuel. 


Electrically-Heated Furnaces 

In the case of electrically-heated enamelling 
furnaces, the temperature will rarely exceed 
1,000 deg. C. at any part of the furnace, except 
possibly on the actual resistor supports, and the 
requisite refractoriness and volume stability are 
readily secured. 

The resistor blocks, or pieces carrying the re- 
sistor wire, must have an adequate electrical 
insulation at temperatures up to, say, 1,000 deg. 
C. in the case of Ni-chrome, and even, say, 1,350 
deg. C. (locally) in the case of Kanthal-type 
wires. The material usually employed is silli- 
manite, which provides good electrical insula- 
tion at these temperatures. Such sillimanite 
pieces are usually made—as far as this country 
is concerned— with Indian kyanite and/or silli- 
manite thoroughly calcined to complete the in- 
version to mullite, and subsequently bonded and 
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fired. Kyanite (AI,0,.Si0,) is highly erystal- 
line, contains about 63 per cent. alumina, and, 
like its sister minerals, sillimanite, anda- 
lusite, dumorturite, decomposes into mullite 
(3Al,0,.2Si0,) and free silica on calcination. 
Mullite forms fine needle-like crystals, having a 
melting point of 1,810 deg. C. 

With Ni-chrome wire resistors and voltages of, 
say, 250 volts and lower, the low-expansion fire- 
clay mixing already mentioned has proved to 
have adequate electrical insulation. Compared 
with coal, electricity frequently costs about nine 
to ten times as much per B.T.U., and very effi- 
cient use is necessary. It is important, there- 
fore, to save as much heat as possible by reduc- 
ing the heat storage, conduction and radiation 
losses to a minimum. Low heat capacity also 
means quicker heating. Since the temperatures 
are moderate and the “ heat” is essentially 
clean and slag free, good insulating bricks can 
be freely used with advantage, except where 
high mechanical strength is required. In most 
cases it is not desirable to have the actual 
hangers or resistor support members made of 
insulating brick, and these should, therefore, 
be as small as possible. 

For the rest of the chamber, the insulating 
brick chosen should be an aluminous one, 
capable of withstanding a temperature of 1,350 
deg. C., in order to secure a good margin of 
safety against shrinkage and subsequent physi- 
cal spalling. For, although in use, such tem- 
peratures will not be reached, the refractory 
must stand a very prolonged heat-treatment if 
economical service is to be secured. Aluminous 
insulating bricks are free from the disintegra- 
tion and crumbling characteristic of some sili- 
ceous types in which the silica undergoes physi- 
cal changes in service. 


The Working Space 

In the case of electrical furnaces and other 
furnaces of the so-called “‘ Radiant ’’ type, the 
working space and heat-generating chamber are 
more or less one and the same. With many coal, 
oil and gas furnaces, however, the working space 
is a muffle chamber adjacent to the combustion 
chamber proper. Frequently the combustion- 
arch also forms the floor of the muffle, while in 
other designs the muffle arch is the bottom of 
the combustion chamber. 

The temperatures to which the muffle shell is 
exposed are moderate, but to give a minimum 
fuel consumption the heat transfer through the 
shell must be as rapid as possible, which means 
the effective thickness must be reduced to a 
minimum. To secure the maximum advantage 
from thinness and yet maintain structural 
stability, tongued and grooved panelled bricks or 
tiles are used. Fireclay panels were first em- 
ployed, but in addition to having a low thermal 
conductivity, the structural stresses were often 
sufficient to cause deformation of the tiles, the 
average temperature usually being high enough 
for pyroplastic flow to occur, particularly if 
penetrated by volatile enamel fluxes. 

The shell begins to admit furnace gases and 
tends to become structurally unstable. Silicon 
carbide may then be used, and the fuel con- 
sumption reduced appreciably. With the door 
being opened frequently, however, the atmo- 
sphere in the chamber may be kept sufficiently 
oxidising for ‘‘ perishing’’ and growth of the 
silicon carbide to occur in some cases, particu- 
larly if temperatures were in the 800 to 1,000 
deg. C. dangerous range. This led to twisting 
and collapse of the muffle shell after periods of 
service varying from six months to, say, two 
years. In recent years fused alumina panel 
bricks have been widely used, and this material 
seems to be the best ‘‘ compromise ’’ for the 
conditions. Its thermal conductivity is high, 
being intermediate between that of fireclay and 
silicon carbide. Its strength is good, so that thin 
panels can be used. and it is volume stable to 
a very high degree. Fused alumina muffle shells 
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Use of Town Gas for Vitreous Enamelling 


COMPARISONS WITH 


DISCUSSION 

Following the Paper on ‘“‘ The Use of Town 
Gas for Vitreous Enamelling,’’ presented by 
Mr. W. Dierericus and Mr. P. Lioyp* to The 
Institute of Vitreous Enamellers in London, an 
interesting discussion was opened by Mr. 
J. H. Covrpr (member of Council), who said 
that although a good deal of reference had been 
made to calorific values of fuels, the factors 
which really mattered in arriving at fuel costs 
were the amount paid for the fuel per month 
or other period and the results obtained with it. 
Whilst he appreciated what was meant by 
‘ British thermal units ’’ and ‘ calorific value,”’ 
they did not actually determine production 
costs; he asked for comments on that matter. 


Metal Muffles 

Mr. Currey, commenting on the authors’ 
reference to muffles being made of either metal 
or ceramic ware, said he believed that a silicon- 
chromium-aluminium alloy had been tried out on 
superheater tubes. He asked whether any work 
had been done on the making of metal muffles 
for vitreous-enamelling furnaces to be heated 
by gas. 

The Case of Oil 

Mr. T. F. Unwin was very interested in the 
authors’ remarks concerning a new type of 
gas-fired furnace, the design of which was quite 
attractive; at the same time, he asked for the 
experience of users as to the kind of heating 
they obtained with it. In enamelling works one 
heard various opinions expressed as to the 
presence of, or the lack of, “ bottom heat,’’ and 
he wondered what was the experience of users 
with the new type of furnace. 

Discussing consumption figures, he said the 
consumption of 5,000 B.T.U. per ib. of frit, by 
gas-fired rotary frit melters, was almost exactly 
the average figure obtained in respect of rotary 
frit melters using oil. So that, apparently, with 
that type of furnace, the number of therms re- 
quired to melt a given quantity of frit was 
almost the same, irrespective of whether gas or 
oil was used for firing. He considered that the 
only satisfactory way of comparing the fuel costs 
of different furnaces was on the basis of the 
fuel consumption over a period during which 
the furnaces were engaged on the same class of 
work. 

In one works, where both the gas-fired furnace 
and the oil-fired furnace were installed, it was 
found that, as compared with a consumption of 
about 3,600 cub. ft. of gas, approximately 10 gall. 
of oil were used in the second furnace to do a 
similar quantity of work. Comparing those 
figures on a thermal basis, the gas-fired furnace 
used 18 therms and the oil-fired furnace used 
17.4 therms. So that, allowing for possible errors 
in measurement or variations in production, the 
figures indicated again that the number of 
therms required for a given quantity of work, 
whether gas or oil was used, was more or less 
the same. That being so, the determining factor 
was the cost of the fuel per therm. In that 
connection, much depended on the location of the 
plant. In London, he supposed, 3}d. per therm 
was a fair price for gas, and about 2d. per therm 
was a fair price for oil; so that there was still 
a considerable margin in favour of oil. 

Dealing with inflame furnaces, and the 
authors’ question as to which of the products of 
combustion had a_ deleterious effect upon 
enamel ware, he suggested that sulphur was the 
troublesome constituent and was the great draw- 
back in the use of open-flame furnaces for 
enamel work. However, he had seen in opera- 
tion a semi-open-flame furnace in which the 
products of combustion had access to the cham- 
ber when firing baths, and quite good results 
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were obtained with it, although it was not con- 
sidered advisable to use that type of furnace for 
first-class ware. The steam in the products of 
combustion might also have an effect, and he 
urged that a great deal more experimental work 
was needed before that type of furnace should 
be used for enamel ware. The industry might 
have use for it in time, but he did not favour 
its use at the present. 

Continuous furnaces seemed to have made pro- 
gress in America, but apparently there had not 
been any definite development in this country. 
At the same time, if sufficient production were 
required, he did not see why some sort of tunnel 
kiln should not be used in the enamelling in- 
dustry, for it was used for such materials as 
tiles, and, after all, the glazing of tiles was a 
similar process. 

Mr. J. H. Gray, referring to some results 
given by the authors for fusing enamel, where 
a 15-ft. by 5-ft. furnace, fusing colour on sheet 
iron, gave a through-put of 2,830 lbs. per hr., 
the gas consumption (using a 500 C.V. gas) 
being 3,580 cub. ft. per hr., asked whether the 
weight of 2,830 Ibs. of sheet iron per hr. in- 
cluded the weight of perritts; if not, that figure 
would have to be pretty well doubled when the 
weight of the perritts was included. If that 
were so, would the gas consumption also be 
doubled. 

Mr. Drerericns replied that the weight figure 
was the gross weight, including perritts. 

Mr. Kenneth Hitt, commenting on the 
authors’ statement that electricity was avail- 
able usually at 3d. per unit, said that another 
industry in which he was interested obtained 
electricity at a price considerably lower than 
that. He had always been told that when gas 
was used as a fuel, the finished enamel had a 
better gloss than when oil or any other fuel was 
used. If that were so, he asked if the authors 
could give some explanation. 


Modest Figures 

Mr. J. Fatton (managing director, Incan- 
descent Heat Company, Limited) said the 
authors had not made many controversial state- 
ments, because they had dealt with specific facts 
derived from practice. If they had erred, then 
it was on the safe side. He contested some of 
the consumption figures as being rather higher 
than those which could be obtained in practice ; 
but he would attack both the authors and Mr. 
Unwin upon having, perhaps, misled the meeting 
te some extent in referring to B.T.U., calo- 
rific values, and so on. There must be a specific 
reason for referring to coal at 0.9d. per therm, 
and for saying that it was possible to use oil 
instead at 2.3d. per therm. Presumably, Mr. 
Unwin would claim that the reason was that oil 
had a greater convenience factor than coal, with 
which, of course, Mr. Fallon fully agreed. But 
in the application of a clean and prepared fuel 
which required no attention at all before use, 
a still greater convenience factor was obtained. 
In the application of both solid and liquid fuels, 
high combustion-chamber temperatures were 
necessary in order to secure the transmission of 
heat necessary into the actual working chamber. 

It was quite common practice to attain com- 
bustion-chamber temperatures in oil-fired fur- 
naces up to 1,400 deg. and sometimes 1,500 deg. 
C. In the specific type of furnace referred to, 
the combustion-chamber temperature was of the 
order of from 50 to 75 deg. above the working- 
chamber temperature; the furnace was working 
at, say, 900 deg., and the internal-combustion- 
chamber temperature was of the order of 950 
or 975 deg. C. When using refractories which 
had been burned to 1,450 or 1,500 deg. C., there 
was a fairly considerable margin of safety; but 
that margin did not exist where it was neces- 
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sary to maintain combustion-chamber tempera. 
tures, say, from 400 to 500 deg. C. above 
the chamber temperatures. The point was 
that the heavy depreciation that occurred 
where the high combustion-chamber tempera- 
tures were necessary was practically elimi- 
nated when one used a gas furnace. A high- 
alumina refractory (say, 44 per cent.), burned 
at 1,450 to 1,500 deg. C., and used at 950 deg. C., 
had an almost indefinite life. Whilst he was not 
condemning oil furnaces, one might expect that 
they would require a major repair within two 
years; whereas a gas furnace, in which the 
zones could be individually controlled with great 
facility, should easily give 15 years’ life without 
needing a major repair. That was a very im- 
portant item, because the manufacturer would 
usually run the furnace as long as he could, con- 
sistent with the quality of the goods made. 

The depreciation commenced from the first 
week of working, and in a furnace which would 
need major repair only after 10 or 15 years the 
quality of the work was naturally maintained 
at a higher level over a period of years than in 
a furnace which needed a major repair every two 
years, by reason of the slower rate of deprecia- 
tion of the former. The depreciation factor. 
the convenience factor, the elimination of 
auxiliary apparatus and the fact that gas was 
brought right to one’s door, giving every possi- 
bility of increased loading when desired, 
together with the fact that one was using a 
prepared and refined fuel, were all in favour 
of gas, which had very much to commend it. 
Indeed, knowing the work the authors had done 
in the industry, one felt that they had not 
stressed that aspect as heavily as they might 
have done. There was an enormous field for 
the application of gas in the vitreous-enamelling 
industry. 

Continuous Furnaces 

Having inspected a number of continuous fur- 
naces in the United States, Mr. Fallon said the 
problem with regard to them was more or less 
mechanical, and dissociated from the form of 
fuel used. If they could use oil successfully, 
they could also use gas, with the same relative 
advantages. 

Referring again to the operation of furnaces 
with high combustion-chamber temperatures on 
one side of the refractory and comparatively 
low temperatures on the other side—the differ- 
ence being, say, from 1,450 to 900 deg.—he said 
that, if any form of control were used, it must 
actuate the burner mechanism; the combustion- 
chamber temperature, of 1,450 deg. normally, 
might vary upwards to 1,500 deg. and down- 
wards to 1,400 deg., and the working chamber 
temperature was remote from the controlling 
point, so that the control was not sensitive. 

With regard to bottom heat in the case of 
the gas-fired furnace, he said the first circuit 
of the heat was in a well below the hearth, where 
the atmosphere of the furnace was heated out 
of its natural level and introduced vigorous con- 
vection currents which penetrated the load and 
gave uniformity of heat transference. 

Finally, Mr. Fallon expressed gratitude to the 
authors for having compiled data which would 
be helpful to furnace designers. The Paper con- 
tained such a mass of data, he said, that it was 
difficult to correlate it, but as a work of refer- 
ence it would be invaluable. 

Mr. Covrr said that one wanted to be able 
to decide upon which was the most economical 
method to use. 

Mr. Fation agreed, and said it was not only 
a question of basic fuel properties, but that 
the whole operations of drying and fusing should 
be balanced up to include cost of fuels, initial 
cost of plant, interest on investment, cost of 
replacement, amortisation and labour costs. 

Mr. Coupe said that that was why he had 
raised the matter; he wanted all the factors 
considered. 

Recuperation and Dust 

Mr. Skinner (South Metropolitan Gas Com- 

pany), who asked that something should be done 
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to improve the efficiency of fritting, said he 
knew from experience that one type of recupera- 
tor had not proved successful. He ventured to 
suggest that the high-temperature products of 
combustion of gases should lend themselves well 
to some form of recuperation’; if they were 
carrying with them particles of enamel or other 
harmful substances, it might be well to drive 
the air required for the combustion of gas in 
the frit kiln through the tubes, to use a re- 
cuperator of the hairpin type (where the tubes 
were suspended or cantilevered out from a 
header), and to use some form of scraping 
mechanism, such as that applied in the Green’s 
economiser for steam boilers, for keeping the 
outsides of the tubes clean. ‘That sort of con- 
struction would probably have to be visualised. 

One of the greatest disadvantages of oil fir- 
ing, and perhaps also of solid-fuel firing, was 
that, owing to the intense combustion-chamber 
temperatures, not only were the refractories 
punished very severely, but the radiation losses 
around that region tended to become very high 
indeed. 

Coal as Fuel 

Mr. Stone suggested that the authors would 
have conveyed more to the enamellers if they 
had expressed the relative values of the various 
fuels on the basis of costs per working hour in 
muffles for a given furnace temperature and 
through-put. From his experience he had no 
doubt that coal was the cheapest of the fuels, and 
possibly the most efficient, though it was not so 
easily controlled as were oil and gas. Repair 
costs were low when coal was used, and he 
imagined they were very much the same as for 
the gas-fired plant. il-fired plant was very 
much more expensive in respect of repairs, major 
repairs being necessary at more frequent 
intervals by reason of the intense local heat 
applied. It was for these reasons that he sug- 
gested quoting costs per working hour, because 
the longer life of a furnace when using one fuel 
as compared with another, and the savings 
effected thereby, would be reflected in the hourly 
costs. 

Fuel and Rejects 

Mr. Reap drew attention to the interests of 
the enameller who was carrying out the enamel- 
ling process, and pointed out that it made a very 
great difference to him whether an oil-fired or a 
gas-fired furnace was used. More often than not, 
sulphuring was prevalent when using an oil-fired 
furnace, where there was a positive pressure 
around the muffle. That was a matter which 
should be taken into account when considering oil 
as against gas; in a furnace using gas there was 
a negative pressure in the flues, and sulphurous 
products did not occur so frequently as when 
using oil, so that there was a higher percentage 
of good clean work and a lower percentage of 
rejects over a given period. It would seem that 
that would be a determining consideration in the 
choice of fuel. 

Mr. Srone said that, from the point of view of 
sulphur, it did not matter what kind of fuel 
was used so long as the furnace was not subject 
to back pressure and the sulphur in the fuel was 
not driven to the work. 


Cost of Heating Air 

Mr. commenting on Mr. Stone's 
remarks, emphasised that if a muffle leaked, and 
a negative pressure had to be maintained around 
it in order to avoid infiltration of gases—air 
from the muffle into the flues rather than gas 
from the flues into the muffle—it meant circulat- 
ing excess air through the muffle. It was not 
sufficiently appreciated that twice as much heat 
was required to heat a ton of air as to heat a 
ton of steel. It was relatively easy to draw half 
a ton of air per hr. from a furnace in excess by 
leakage, and to do the work equivalent to heating 
twice that weight of steel. 


Upkeep Cost 
The Cuarrman (Mr. B. B. Kent), who claimed 
to be the user of the first of the Equi-Radiant- 
type muffles, said that although he had no 
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records so exact as those put forward by the 
authors of the Paper, the actual operating costs 
were higher than on oil-fired muffles; but the 
total costs over a period of a year were less in the 
case of the Equi-Radiant muffles. A number of 
factors contributed to that result. The com- 
bustion-chamber temperature was practically the 
same as the muffle temperature, and over a 
period of about 2} years no repairs at all had 
been necessary in the case of the Equi-Radiant 
muffle, whereas the oil muffles had to be shut 
down about once every three months for a few 
repairs. Further, the quality of the work from 
the gas-fired muffle was considerably higher; 
indeed, when the first gas-fired muffle was in- 
stalled one could detect the difference between 
the work carried out in the gas-fired and the oil- 
fired muffles when the pieces were piled in the 
stockroom. At first, the Equi-Radiant furnace 
had used oil, but owing to the large splay of the 
oil flame the refractories would not last, and 
during the first three months the refractories 
were replaced twice. Since then the muffle had 
been running on gas, and during those 2} years 
not a penny had been spent on repairs. 


AUTHORS’ REPLY 


Mr. Dierericus replied to the discussion. 
Dealing first with the criticism that he could 
have given better figures for gas, he said it was 
not his policy to give figures which he was not 
prepared to substantiate. He pointed out that 
they, as a body of vitreous enamellers who knew 
their fuel costs, would know that the figures 
given were, if anything, on the high side, and 
could perhaps be reduced, but he preferred to 
give figures which were obtained under actual 
working conditions. 

Replying to Mr. Stone’s request for figures in 
terms of costs per hour, he said that they were, 
in fact, given. Figures had been quoted for 
furnaces of different sizes whose hourly con- 
sumption ranged from 2,600 to about 3,600 
cub. ft., but in actual practice these consump- 
tion figures could, in certain conditions, be re- 
duced. 

With regard to Mr. Unwin’s statement that 
oil consumption compared very favourably with 
gas consumption in terms of B.T.U., he said 
that, if that were so, and if the cost of oil were 
21d. per therm as compared with gas at 4d. per 
therm, there would be a difference in fuel costs 
in favour of oil, but as one or two speakers had 
hinted, that was not the whole story, since one 
had to consider, not so much the cost of fuel 
per hour, but the cost of operation over a period 
of a year. From the results so far obtained, it 
would appear that, with gas at practically twice 
the price of a competing fuel such as oil, the 
overall costs at the end of a year were in favour 
of gas, apart from the additional advantage of 
greater convenience. 


Fuel and Colour 

Before he had become closely concerned with 
vitreous enamelling, he had been interested, of 
course, as a user of vitreous-enamelled ware, and 
on one occasion, when he and a colleague had 
been. walking through the stores at Watson 
House, they had noticed a difference between 
certain white enamels. They had traced the 
enamelled ware back to the factory and found 
that the same difference was apparent, the 
reason being that one batch had been produced 
in a coke-fired furnace and the other in a gas- 
fired furnace. As a result, he had maintained 
a careful watch, and found that the same re- 
sults were produced in oil-fired furnaces as with 
the coke-fired furnace. He recalled the refer- 
ence made during the discussion to the furnace 
or combustion tubes being under a slightly nega- 
tive pressure, and said that the oxidising con- 
ditions were apparently much better in a gas 
furnace than any other, which might account 
for the brilliance about the enamelled ware pro- 
duced in a gas-fired furnace. 

With regard to the building of steel muffies, 
he said that the question was being looked into 
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carefully, but one of the chief problems was the 
cost of the heat-resisting steel which it was 
necessary to use for such furnaces. The industry 
was naturally interested in keeping down the 
capital cost of the plant as much as possible, 
but if any appreciable increase in efficiency were 
obtained by using steel, as had been found with 
small furnaces, he felt certain that in the long 
run it would prove to be the better proposition. 


Vote of Thanks 


Mr. FALton, proposing a vote of thanks to the 
authors for their Paper, said he had been very 
much impressed by the thoroughness which was 
apparent in regard to the collection and cor- 
relation of the data presented therein. He paid 
tribute, not ony to the authors and their col- 
leagues, but also to the Gas Light & Coke Com- 
pany for the universality of its attitude, in 
taking an interest in problems remote from its 
own area in and around London. Both the con- 
structors and users of gas-consuming plant could 
always depend upon the fullest and most free 
collaboration from Mr. Dieterichs and the facili- 
ties he commanded. 

Mr. H. Fuercuer, seconding the vote of 
thanks, referred to an electrical breakdown, 
which caused seven oil-fired furnaces to be out 
of commission for five hours. Another three 
hours were occupied in getting back to tempera- 
ture, so that the total loss of time was eight 
hours. The three gas-fired furnaces in the same 
works continued to work, however. At his works, 
where about 10 tons of oil was used per day and 
there was storage for about 30 tons, the problem 
of keeping the storage tanks full was important; 
unless care were exercised, trouble might arise 
from shortage of stock when roads were icy or 
when there was dense fog. An advantage of gas, 
however, was that it was always available at the 
works, ready for use, and no space had to be 
found for its storage. 

Mr. Dierericus briefly responded to the vote 
of thanks on behalf of himself and Mr. Lloyd. 


Refractories for Enamelling Muffle 
Furnaces 


(Concluded from page 268.) 


keep their shape for very long periods of ser- 
vice, and occasional pointing is all that is neces- 
sary to keep them in first-class condition. Such 
fused alumina panel bricks should always be set 
with a fused alumina cement, employing thin 
joints. 

General Furnace Structure 

It remains only to add a word regarding the 
brick ‘‘ box ’’? which encloses the heat-generating 
and working chambers. 

Coal and Gas Firing.—With these fuels a first- 
class Scottish firebrick is adequate for the flues, 
and to conserve heat it should be backed up 
with adequate heat insulation. 

Oil Firing.—With oil, the temperature may 
be high even in the side flues, and these should 
be lined with something better than firebrick— 
a brick with over 50 per cent. alumina being 
really necessary. This should also be well and 
closely insulated, the face refractory being re- 
duced to a minimum compatible with structural 


stability. For the other less-exposed parts of 
the general structure, Scottish firebrick is 
adequate. 


Electrical Heating.—With electricity, the heat- 
generating-cum-working chamber is lined with 
insulating brick, and there is very little “‘ sur- 
round.”? The whole structure is usually very 
light. The refractory insulating bricks can be 
enclosed in an inch or two of highly-insulating 
material, and braced with light steelwork. 

In conclusion, the author wishes to thank his 
colleagues for their help in preparing this 
Paper, and also the directors of the Morgan 
Crucible Company, Limited, for permission to 
publish it. 
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ACID RESISTING ENAMEL 


A. England, M.Sc. (Mch.) 


W. Ball 


These five enamel experts have evolved what is, without 
any doubt, the finest range of acid resisting enamels for 
use on cast or sheet iron at present being offered for sale. 


PROOF 


The amount of these acid resisting enamels used by the trade is greater 
than the total amount of all others combined. 


THE UNIVERSAL REPORT OF ALL USERS AFTER TESTING 
ALL OTHERS IS THAT THEY ARE THE BEST ON THE MARKET. 


Our demonstrator would be glad to bring some enamel and apply it at 
your works and good results are guaranteed. It fires at 750 degrees 
centigrade, and is as Readily Workable as ordinary enamels. 


ONE GREAT ADVANTAGE OVER ALL OTHERS IS THAT 
ANY COLOURED ENAMEL CAN BE PRODUCED. 


ENAMELS of every description for SHEET or CAST IRON supplied wet or dry. 


COLOURING OXIDES—unquestionably the finest selection in the trade. 
ENAMELS for BRONZE PLATES and JEWELLERY. 
EXPERT MATCHINGS BY RETURN OF POST. 


Phone : Grams: 
Blythe Bridge “ Blycol,” 
101, 102 & 103 (Ss Blythe Bridge, Staffs 
— 


COLOUR WORKS EAST LIVERPOOL (U.S.A.) 


DIEPPE (France) ONDA (Spain) 


TURIN (Italy) CRESSWEELL, Stoke-on-Trent ScHONAU 


DEVENTER (Holland) Established 1870 (Czecho Slovakia) 
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General Refractories, Limited, Sheffield 


(MANUFACTURERS OF HEAT-RESISTING AND INSULATING MATERIALS) 
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heat, will also resist the action of basic slags and 
corrosive atmospheres without spalling or cracking. 
It fills a want long felt by basic steelmakers, and we 


commend it to their notice. In ‘‘ fused refractories " 
we have done useful work during the year. 

In ** Diatomite ’’ products we have made progress. 
The re-equipment of our works at Ambergate for 


MR. FRANK S. RUSSELL’S REVIEW 


the production of ‘‘ Insulite’’ bricks and cement 
is now almost completed, and we have for several 
months been producing insulating materials of the 


The thirty-sixth annual general meeting of General 
Refractories, Limited, was held at Sheffield on 
Tuesday, March 31. 

Mr. Frank S. (chairman and managing 
director), in the course of his speech. said: The 
year-under review has been one of continuous pro- 
gress, resulting in a record profit of £55,392, with 
sales 25 per cent. higher than ever before. I will 
on this occasion proceed first to review the accounts, 
though, indeed, they are presented in such full detail 
that there is very little to be added. 


The Accounts 

The profit compares with £42,672 
an increase of £12,720. 

The nominal capital was increased during the year 
by £100,000 (mainly to provide shares and cash 
for use in the acquirement of other businesses) and 
stands on the balance-sheet at £350,000. The issued 
capital was increased during the year by £94,000 
to £325,000, 100.000 shares being offered to, and 
taken up by. the shareholders at 18s. 6d. each. 
Not all the new capital was employed for the full 
year, and in several cases the concerns purchased 
with it have not. during 1935, advanced their re- 
‘equipment programme in time to pay dividends to 
us. 

We are looking for substantial yields in 1936. 

The sums payable by the company are shown this 
year at £77,522, and (for the first time) have the 
final dividend (£22,669) included. Deducting this. 
the total is £54.853, which compares with £45,302. 
an increase of £9,451. The difference is a reflection 
of the larger trade done during the year and a 
small set-off against the increase in the sums due 
to the company. 

The reserve accounts now total to £119,856, 
against £65,938 last year, an increase of £54,918. 

The profit and loss account shows a credit balance 
of £20,983, after deducting £12,000 appropriated to 
reserve accounts (as against £9,000 last year), and 
also (for the first time) the final dividend (£22,669). 
It compares, therefore, with £15,265 last year. 

Our land, buildings, plant, ete.. now stand at 
£182,470, as against £155,093—£27.377 having been 
spent mainly on new plant and machinery. land and 


for last year, 


as 


buildings. 

Investments and endowments, which stood last 
year at £80,644, are now more than doubled at 
£178,512, principally by the acquirement of the 
shares of further subsidiaries. 

receivable by the company.’ which 


stands at £129,174, as against £90.254 (an increase 
of £38,920), is. to a large extent, another reflection 
of the enlarged sales made during the vear. 

The Cash account,” which stood last year at 
£16,823, now stands at £24,015. The stock-in-trade 
has only increased from £28,118 to £29,190. We aim 
to keep stocks of goods ready for instant despatch. 
Our ‘ability to give quick delivery has secured many 
important orders. 

The ‘‘ Balance of assets over liabilities.” which 
were quoted last year at £94,630, is now £140,839. 
after regarding the final dividend as a_ liability. 
This year’s balance is £68,878 higher than last year’s. 

Final Dividend for 1935 

The Board recommends the distribution of a final 
dividend of 9 per cent. (less income tax), making. 
with the interim dividend, 15 ner cent. for the year 
(as against 125 per cent. for 1934). 

Progress Report and Interim Dividend for 1936 

We shall issue a progress report on July 31 next, 
and the indications are that we shall be able to 
accompany it with an interim dividend. 

Statistics 

You will be interested to know that our combined 
output capacity of firebricks of all kinds is now no 
less than 26 millions a year, the number of works, 
mines, quarries, etc., we control is now 68, as 
against 41, and that the expenditure by the group 
on railway carriage was no less than £102,330, as 
against £73,246 last year. Last year I pointed out 
that our expenditure in this direction appeared to 
entitle us to consideration by the railway companies 


A YEAR OF CONTINUED PROGRESS—RECORD PROFITS 


very highest quality. 
Reducing Costs by Heat Insulation 

There is no section of our business that has during 
the year shown more signs of progress than that of 
heat insulation. Slowly but surely users of heat are 
beginning to see the folly of allowing the heat to 
be wasted by escaping into the atmosphere instead 
of doing the work for which it was intended. The 
actual and expected increases 1n the price of coal 
have had a remarkably stimulating effect in this 
direction, and have produced a great spurt in the 
interest shown in the use of insulation for reducing 
the consumption of fuel. 

The fact that the presence of a layer of Insulite 
bricks behind a wall of firebricks saves as much as 
20 per cent. cf the coal, gas or oil used in the fur- 
nace is so obvious and important that it is beginning 
to be regarded as a matter of course that insulation 
should be used. 

It is plainly wise for a user of expensive fuel 
to provide himself with the means of keeping his 
heat (which has cost so much) in the actual space 
where it can do its work. Why make it merely 
the world 


when they were making purchase of refractories, and 
I take this opportunity of thanking them for their 
considerable support in this way during the year. 
This seems an appropriate moment to point out 
that we are wholehearted supporters of rail trans- 
port. 
Our expenditure on road haulage is a triviality, 
and I wish to place on record our appreciation of 
the efficient service rendered us by the railways 
during the year. : 
No Prior Charges: A Tribute to the Bank 
Before leaving the accounts, I will just point out 
that they show no debentures nor preference shares. 
no item of goodwill and no indebtedness to our 
trusted financial counsellors, the National Provincial 
Bank, to whom we shall always be grateful for 
their support of our enterprises. It is a pleasure to 
acknowledge the helpful services that such a bank 
can and does render to industrialists. 


Consolidation of Accounts 


: . ; — to waste it? There are no bricks in 
We have under consideration the advisability next sa : 
year of either presenting consolidated accounts of which prevent the passage of heat better than 
ints Of Tnsulite bricks do. Low-grade insulating bricks cost 


our group or accompanying our own accounts with 
supplementary consolidated accounts showing the 
position of the subsidiaries. The importance of 
some of our recent mergers seems to render some 
such movement advisable, and it would enable the 
shareholders to realise that the sum we receive from 
a subsidiary by way of dividend may be vastly 
different from the earnings of that company. As a 
matter of fact, in the year under review our receipts 
from allied companies are little more than a third 
of their earnings. 
British Subsidiaries 

You will be glad to hear that the progress 
exhaustively reported on July 31 last was continued 
during the latter half of the year. We have, within 
the last few days. completed negotiations for a 
merger with the world-famous Glenboig Union Fire 
Clay Company, Limited, of Scotland, and for the 


just as much to install and do not save fuel like 
the highest grade bricks of all—‘‘ Insulite *’ bricks. 


International Diatomite Company, Limited 

In my review of a year ago I said that we had 
secured rights over an important deposit of Diato- 
mite and that arrangements had been made for the 
formation of a company titled as above, having for 
its object the exploitation of Diatomite for purposes 
outside the sphere of our own company. I referred 
to its value for the making of partition slabs. plaster 
boards and the like, because of its extreme lightness 
and its sound and heat insulating properties, and 
to the wide field open for such products. During 
the year the closest investigations into the avail- 
able sources of supply of various types of Diatomite 
have been made, and have resulted in the discovery 
of a further and more cheaply worked deposit of 
apparently suitable quality. 


purchase of another silica brickworks with’ an A 
excellent profit record. International Diatomite Company, Limited, has 
been registered as a pioneer company to study 
F : No Monopoly further developments in this field. Negotiations with 
Ihe directory printed monthly in ‘‘ The Refrac- regard to this inexpensive additional source of 


supply are in hand, and it is proposed to proceed 
with this enterprise if and as soon as satisfactory 
arrangements can be concluded. 


Overseas Expansion 

We have been active during the year in the 
appointment of agents abroad, and are now newly 
represented in Newfoundland. India, Yugo-Slavia, 
Barcelona, Italy, Sao Paulo, Palestine and Jamaica. 
The sales of our overseas department again con- 
stitute a record. 

The works of our Belgian subsidiary are being 
extended to produce more varieties of refractories 
and are being very well supported. They have now 
commenced to show a profit and we are looking for 
good results this year. 

In Greece we have formed a subsidiary company 
to take charge of our many interests there, ani 
particularly of the supplies of raw materials we 
draw from that pleasant country. 

Rearmament and War Scares 

I referred last year to the armaments race which 
was obviously commencing. and said that the conse- 
quent activity could not do other than increase the 
demand for steel. We now know that the nation 
is to spend £300,000,000 on its protection, and a 
large part of it will be spent on steel in various 
forms. There is no steel without refractories and 
the demand for our output must in consequence be 
increased. It is a matter of regret that this addi- 
tional demand for their products should have been 
made upon our good friends the steelmakers just at 
a time when they are so fully occupied with civil 
work, but ‘‘ needs must when the devil drives.” 
The great resources of our company (constantly 
being expanded) with its immense reserves of raw 
materials, efficiently organised and properly 
equipped, are at their service and provide a unit 


tories Journal ’’ shows no less than 307 concerns 
engaged in the industry in this country, and of this 
total our group forms a very small proportion. Our 
customers need have no fear, therefore, of our 
establishing a monopoly. There is probably no trade 
in this country which, in proportion to its size and 
importance, contains so many scattered units, many 
of whom would be better off in every way if asso- 
ciated with a central organisation. ; , 
Policy of the Company 

Our policy is to help to purchase and install in 
the works of each of those who join us the best 
labour-saving plant available. to assist in the selec- 
tion of the best processes with which to produce the 
most useful articles that can be made from the raw 
material available, and to give them the benefit of 
our widespread sales organisation and our central 
scientific, publicity, engineering, financial and tech- 
nical service. Having thus helped them to produce a 
really useful article economically. we assist them to 
make it known to the people who need it in their 
daily work, a service of equal benefit to consumer 
and producer alike. It is our intention to continue to 
work on the lines defined. 

New Products 

A recent issue of that interesting technical journal, 
The British Steelmaker,’’ contained a suggestion 
that the output capacity of British open-hearth fur- 
naces is only limited by the quality of the refractory 
materials of which they are built. This emphasises 
the need for continued research in our industry, and 
we can assure the steelmakers of this country that 
we are leaving unturned no stone that might be made 
into a still better refractory. 

A Notable Advance in Basic Refractories 

Our most recent contribution to the forward move- 

ment is the Saxpyre brick—a brick of entirely new 


character that, while withstanding the most intense (Concluded on page 274.) 
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A piston alloy of great merit. Its 
Pa ~ technical advance on 2L8 is instanced by 


the fact that it gives 60% _ higher 


Brinell hardness after a_ simple _heat- 


treatment. 


This metal is well known for pistons 


and is used in thousands of tons per 


annum. Our laboratories have developed 


a technique in its production which 


minimises the risk of hard inclusions. 


Prices, properties and correct treatment on application. 


The BRITISH ALUMINIUM 


HEAD OFFICE: ADELAIDE HOUSE, KING WILLIAM STREET, LONDON,E.C.4. 
Telephone : Mansion House 556! & 8074 (Slines). Telegrams: CRYOLITE, BILGATE, LONDON. 


LONDON WAREHOUSE : BIRMINGHAM, 4: MANCHESTER, 3: LEEDS, 3: NEWCASTLE-ON-TYNE, I: GLASGOW, C:2: 
25°29 Pancras Road NW.1. Lawley Street 274 Deansgate 66 Kirkstall Road Milburn House 113 West Regent Street 


AND AT NEW YORK, TORONTO, MONTREAL, CALCUTTA, SYDNEY, AND JOHANNESBURG. 
F.T.J. 2.4.36. 


Supplied to any 
specification between * 
limits of 2°00 and 3°50% *% 
Carbon and ‘50% and 
3°50% Silicon 
_ (FOR MALLEABLE CASTINGS OF ALL DESCRIPTIONS) - ACTUAL ANALYSIS 
CERTIFICATES ARE 
AVAILABLE WITH 
EACH DELIVERY 


@ Typical Cylinder Pig Iron Specification 


TOTAL CARBON- - - 2-70% 
SILICON - - 
MANGANESE - - - -90% 
SULPHUR - - - = -06% 
PHOSPHORUS - - - -40% 


@ Typical Malleable Pig Iron Specification 


TOTAL CARBON - - 2:60% 
MANGANESE - - - -50% 
SULPHUR - - - - -05% 
PHOSPHORUS - - -06% 
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Trade Talk 


Denny & Bros., Lowirep, Dumbarton, 
have received an order from the L.M.S. Railway 
Ccmpany for a twin-screw motor vessel, 94 ft. long. 

THE DEMAND for aluminium has warranted an in- 
crease of about 100 per cent. on present production 
at the works of the British Aluminium Company, 
Limited, at Kinlochleven. 

Dorman, Lona & Company, LimiTED, are chang- 
ing over a basic blast furnace to the production of 
hematite, and an idle furnace will probably be 
started to produce basic iron. 

Dorrator Iron Company, Limirep, Falkirk, has 
received from the London County Council a con- 
tract for the supply of 3,000 portable ranges in 
connection with their housing schemes. 

THE ANNUAL STAFF DANCE of Albion Motors, 
Limited, Scotstoun, was held on-March 26 in Glas- 
gow. Among those present were Mr. George Pate, 
chairman, and Mr. and Mrs. Walter McFarlane. 

THE bIRECTORS of British Timken, Limited, 
tapered-bearing manufacturers, of Birmingham, 
have decided to recommend that a dividend of 10 
per cent., less tax, be paid for the year ended 
December 31, 1935. 

Davin Brown & Sons (Hupp.), of 
Huddersfield, are formulating a pension scheme for 
the benefit of their employees, the pensions to com- 
mence at the age of 60, whether the employee re- 
tires or carries on with his job. 

SHort Bros., Limirep, of Sunderland, have re- 
ceived orders for two cargo ships from Newcastle 
and one from London owners. The engines will be 
built by George Clark, Limited, Sunderland, 
White’s Marine Engineering Company, Limited, 


General Refractories Limited, Sheffield 
Concluded from page 272.) 


under one control in every way more powerful 
and effective than any in operation during the great 
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This Week’s News in Brief 


Hebburn, Sunder- 
land. 

IN CONSEQUENCE of the large amount of orders 
which have been received by R. Y. Pickering & 
Company, Limited, Wishaw, for railway carriages 
and wagons, wheels, axles and other railway equip- 
ment, it has been found necessary to extend the 
works and install a considerable amount of new 
plant. 

SamueL Fox & Company, Limirep (associated 
with United Steel Companies), 17, Westbourne Road, 
Sheffield, 10, are prepared to loan a film they have 
just made dealing with the manufacture of high- 
grade alloy steels, including the use of the high- 
frequency electric furnaces, to technical and scholas- 
tic institutions. 

FURTHER EXTENSIONS of their works may have to 
be undertaken in the near future by Ferranti, 
Limited, electrical engineers, of Hollinwood, near 
Oldham. There has been a decided increase in all 
branches of production, and if extensions do be- 
come necessary, they have available land adjoining 
both their Moston works and the foundry in Hol- 
linwood. 

Tue Stora KopparsBercs BEerGcsLacs AKTIEBOLAG 
(Great Copper Mountain Mining Company), which is 
known as the oldest industrial company in the 
world and one of Sweden’s largest industria] con- 
cerns, owning mines, ironworks, and water-power 
plants, etc., reports a net profit for 1935 of 4,740,000 
kronor (£260,700 at par), against 4,360,000 kronor 
(£239,800 at par) in 1934. The Board proposes 
an unchanged dividend of 7 kronor per share. 

Ir 18 ANNOUNCED that a strong group has acquired 
the entire assets of Court Works, Limited, the well- 
known malleable- and grey-iron founders, of Made- 
ley, Shropshire. It is intended to carry on the 
business as heretofore under the same title, but 
operations will be further developed and extended. 
Mr. W. Taylor, works manager, and Mr. R. E. 
Nutt, commercial manager, who have been asso- 
ciated with the company for many years, will con- 
tinue in their respective capacities. 

Tae East MIDLANDS will be well represented at 


and William Doxford & Sons, 


the Empire Exhibition, which is to be held at 
Johannesburg, South Africa, from September to 
January. Some of the firms to make displays are : 
Farrar Boilerworks, Limited, Newark; Ransome & 
Marles Bearing Company, Limited, Newark; Stur- 
tevant Engineering Company, Limited, Nottingham ; 
Ericsson (C.0.) Engineering Works, Limited, Bir- 
mingham; and Beeston Boiler Company, Limited, 
Beeston. 
acres, and over 15 acres will be used to house light 


war. 
Buy British Refractories 

We had all hoped gradually to be allowed to 
forget that calamity, but it appears that Europe 
will not allow us. A well-known writer says: ‘“‘ The 
memory of the man in the street is proverbially 
short and one advantage of the recent incident is 
that it serves to remind us of the wisdom of 
encouraging the production of all essentials at 
home.”” With this we can only agree very heartily, 
and draw the attention of British buyers of re- 
fractories to the fact that heavily protected indus- 
tries owe to home producers (who help to consume 
the buyers’ output) a positive duty of support, and 
to the further fact that the British refractories 
industry is not protected against foreign competition, 
and that it can provide everything refractory that 
the nation needs. : 


nery, aircraft and transport exhibits. 


Contracts Open 


The Outlook 

In my opinion, the prospects for this year are 
good. The business done in 1936 is well in advance 
of that done in the corresponding period of last 
year. Several subsidiaries which yielded us nothing 
in that way last year are expected to pay us 
dividends this year. The selling prices of several 
of our products, which have for several years been 
sold at a very small margin of profit because of the 
unrestricted competition of a variety of small pro- 
ducers fighting for their existence in times of slump, 
have recently been advanced to a further level. Re- 
equipment and the installation of cost-saving plant 
and devices proceed on every hand, while the turn- 
over of the business has now become so great that 
a small percentage of price increase or cost reduc- 
tion has an important effect on annual profits. 
Generally speaking, the outlook at present shows 
no reason for other than confidence, and I trust 
we may be spared to meet here twelve months hence 
to celebrate still another record year. 

The Chairman concluded by moving the adoption 
of the report and accounts, which was seconded by 


Clitheroe Rural District Council. Mr. 
Brooksbank, the engineer, 14, The 
Bradford. (Fee £1 1s., returnable. ) 

yds. of 6-in. dia. cast-iron pipes, for the 
Glamorgan Water Board. 
Partners, engineers, Pontypridd. 


turnable. ) 


Trade. 
Wellington, 


(Reference T.Y. 5,790.) 
June 15.—Railway 


overhead travelling crane, 
Government Railways Administration. 
ment of Overseas Trade. (Reference T.Y. 5,788.) 


New Company 


The Exhibition will cover more than 100 


machinery, heavy engineering, agricultural machi- 


Clitheroe, April 6.-—Providing and laying 1,850 
yds. of 3-in. dia. spun cast-iron pipes, for .y 
Exchange, 


Pontypridd, April 6.—Providing and —e 
Mid- 
Thomas & Morgan & 
(Fee £5 5s., re- 


Buenos Aires, April 13.-—-Four Diesel engines 
(45-50 h.p.) and six generating sets with Diesel 
engines of about 10 h.p., for the Argentine State 
Oilfields Directorate. The Department of Overseas 


workshops 
machinery, including machine tools and an electric 
for the New Zealand 
The Depart- 
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Personal 


Mr. W. H. Pycrort has resigned his position as 
foundry manager to Qualcast, Limited, Derby. He 
has held the position for the past four years. 

Mr. Asuiey S. Warp, joint managing director 
of Thos. W. Ward, Limited, is to be deputy-chair- 
man of Marshall, Sons & Company (Successors). 
Limited, Gainsborough. 

THE MANAGEMENT and employees of Thos. Firt! 
& John Brown, Limited, have made a presentation 
to Mr. George Parkinson, a senior foreman, on his 
retirement after 31 years’ service. 

Dr. J. G. A. Skert has resigned his appointment 
with the British Cast Iron Research Association t 
take up a position with Sternol, Limited, Finsbury 
Square, London, E.C., where he will take charge 
of the Foundry Department, which manufactures 
and sells core binders, known to the trade a: 
**Sternocore.’”’ Dr. Skerl, who is a_ well-known 
authority on sands, is taking up his residence at 
Plowlands,’’ Marshalwick Lane, St. Alban: 
(telephone 1975), from which address he will con- 
duct an independent consulting practice entirely 
apart from his duties relating to his appointment 
with Sternol, Limited. 


Wills 


Gray, AnpREw, M.B.E., 
the Lancashire Steel 

Carpen, Str J. V., Br., of Camberley, 
technical director of Vickers-Arm- 
strong, Limited ... 

Peat, B., accountant, chair- 
man of the Tin Producers’ Association 
and of Robert Stephenson & Com- 
pany, Limited, and a director of the 
Channel Steel Company, Limited 


a director of 
Corporation, 
£47,665 


£102,393 


£604,644 


Obituary 


THE DEATH HAS occuRRED of Mr. Percy Brough, 
of Uttoxeter, aged 50. He had been employed at 
the Leighton Ironworks for 25 years. 

We REGRET to announce the death, on Tuesday. 
of Sir Joseph Petavel, D.Sc., F.R.S., director of 
the National Physical Laboratory. He was 62 
years of age. 

Mr. Henry Brinvewarter has died at his home 
at Sedgley, Dudley, at the age of 100. Mr 
Bridgwater was the oldest iron merchant in the 
country. Before his retirement he was for over 
50 years engaged in the staple trade of South 
Staffordshire, having offices in Priory Street, Dudley. 
For forty years he was a member of Dudley Town 
Council, to which he was first elected in 1882. He 
was elected an alderman in 1920. Last June the 
Mayor and Town Clerk of Dudley visited his home 
to convey the congratulations of the borough, and 
Mr. Bridgwater on June 23 celebrated his 100th 
birthday. 


Forthcoming Events 


APRIL 3. 

Institution of Mechanical Engineers :—An informal meet- 
ing, at Storey’s Gate, St. James’s Park, London, 
8.W.1, at 7 p.m. 

Institute of Metals 
APRIL 7. 


North-East Coast Section :--Annual Meeting; Demonstra- 
tion of High-Frequency Induction Furnace, at Elec 
trical Engineering Lecture Theatre, Armstrong College, 
Newcastle-upon-Tyne, at 7.30 p.m. 

Institute of British Foundrymen 
APRIL 3. 

Birmingham, Coventry and West Midlands Branch :— 

Annual Meeting; Short Paper Competition, at the 


James Watt Memorial Institute, Great Charles Street. 
Birmingham, at 7.30 p.m. 


APRIL 4. 


East Midlands Branch (Lincolnshire Section) :—Annua! 
Meeting, at the Technical College, Monks Road, 
Lincoln, at 7 p.m. 

Lancashire Branch :—Annual Meeting; ieee 
tories,” Paper by W. J. Rees, M.Sc., at En 
Club, Albert Square, Manchester, at 7 p.m. 

West Riding of Yorkshire Branch :—“ Oil-Engine Cast- 

ings” (Third Series), Paper by H. E. Beardshaw, at 

the Technical College, Bradford, at 6.30 p.m. 


Mr. R. A. Kirby and carried unanimously. 

At an ‘extraordinary general meeting held subse- 
quently the capital of the company was increased 
to £500,000 by the creation of 300,000 new shares, 
70,000 of which are to be offered to shareholders 
on the register at March 31 on bonus terms, in the 
proportion of one to ten. 


(From the Register compiled by Jordan & Sons, 
Limited, Company tae a Agents, 116 to 118, 


Chancery Lane, London, W. 

B.K.L. Alloys, Limited.—Nominal capital, £20,000 
in £1 shares. Subscribers: J. H. S. Hamilton, 18, 
Austin Friars, London, E.C.; C. H. Scott. 
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Why Stanton-Dale used 
for Morris Cylinder Blocks 


ange TRENGTH, machineability and resistance to wear — 


as qualities essential in castings for intricate machinery 
° 
om - parts—can be secured at moderate cost by the use of 
on Stanton-Dale Refined Pig Iron. 
rely 
nent The use of even a small proportion of this low-carbon 
pig iron gives the closening-up of grain, and general uni- 
formity, which indicate superior physical properties. For 
this reason, Morris Motors Ltd., whose specialisation and 
ane systematic production demands consistent materials, are 
, regular users of Stanton-Dale Iron. 
1,393 
Stanton-Dale Refined Pig Iron is supplied in special 
section clean pigs, broken into halves. 
is Full analyses of the nine standard grades 
will gladly be sent on request. 
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Raw Material Markets 


Consumers continue to press makers of most 
descriptions of iron and steel for deliveries. It is 
generally anticipated that prices will rule higher in 
the second half of the year and, as a result, buyers 
are anxious to cover their requirements before the 
advanced quotations become effective. However, 
owing to the works being heavily committed already, 
it is difficult to enter into new contracts. Pig-iron, 
of course, is already subject to a premium for sales 
on forward account. Supplies of foundry iron re- 
main short, and Scottish producers have announced 
an increase of 5s. per ton in their prices. Prices of 
English makes are unaltered. 


Pig-lron 


MIDDLESBROUGH.—Little change has occurred 
in this market during the past week and trading 
remains inactive. Stocks are now exhausted and 
deliveries are falling still further behind schedule. 
Large tonnages of pig-iron are being regularly taken 
up by the steelworks and there remains little surplus 
to be distributed among other consumers. Export 
business is negligible. Makers are unwilling to com- 
mit themselves for delivery earlier thar July next, 
when prices will be increased by 5s. per ton. Mean- 
while, quotations for Cleveland iron are nominal, 
with No. 3 G.M.B. being quoted at 70s. per ton 
in the Middlesbrough and Falkirk areas, 72s. on 
the North-East Coast and 73s. in Glasgow. 

The demand for supplies of East Coast hematite 
remains considerably in excess of the current output, 
but producers have managed to maintain their de- 
liveries on a satisfactory scale. Belated deliveries 
are reported occasionally, but on the whole little 
inconvenience has been caused. Quotations are very 
firm, the unofficial minimum price of 77s. per ton 
for No. 1 East Coast quality delivered Middles- 
brough, North-East Coast or Scotland being quoted 
for any new business that may be transacted. 


LANCASHIRE.—Consumers in this area are en- 
deavouring to obtain large stocks of pig-iron before 
the increased prices rule at the end of June. How- 
ever, makers already have well-filled order 
books, and it is difficult to arrange new contracts. 
Machine-tool makers, the light-castings founders, the 
heavy electrical engineering branch and _ speciality 
engineers are all taking up large tonnages of iron. 
Offers of Derbyshire, Staffordshire and Lancashire 
brands of No. 3 foundry iron, equal to Derbyshire, 
for delivery to users in the Lancashire price zone 
are all on the basis of 78s. per ton for delivery 
before the end of June and 83s. after, with 
Northamptonshire iron at 76s. 6d. and 8ls. 6d., 
respectively, and Derbyshire forge at 73s. and 78s. 
Scottish foundry iron is well taken up at 87s. 6d., 
while East and West Coast hematite irons are quoted 
at around 84s. 6d. and 85s. 6d. per ton, respectively, 
including delivery equal to Manchester in each case. 

MIDLANDS. — The majority of consumers of 
foundry pig-iron in this district are well covered, 
in some cases until the end of the year. Recent 
business has only been accepted on the condition 
that users paid 5s. per ton extra for any deliveries 
after the end of June. The nominal Association 
rates remain at 72s. 6d. per ton for Northants No. 3 
and 75s. per ton for Derbyshire, Lincolnshire and 
North Staffs No. 3, including delivery to Birming- 
ham and Black Country stations. Large consumers 
receive a small sliding-scale rebate. Special irons 
are being taken up on forward contracts in larger 
— and the prices, which are not controlled, 
vary trom 80s. to 87s. 6d. for medium-phosphorus 
irons, 92s. 6d. to 100s. for low-phosphorus, and from 
£6 10s. to £7 15s. for refined iron, delivered this 
district. The demand for hematite against contracts 
is on a good scale, and in some cases furnaces are ex- 
periencing difficulty in meeting users’ requirements. 
Quotations remain unchanged; prices, including the 
recent premium of 4s. per ton, are £4 8s. 6d. for 
West Coast mixed numbers, £4 7s. 6d. for East 
Coast No. 3, and £4 7s. for Welsh mixed numbers, 
delivered this area. 


SCOTLAND.—Quotations for Scottish foundry iron 
have been raised 5s. per ton, making the figure 79s. 
f.o.t. furnaces for No. 3, with 2s. 6d. extra for 
No. 1. Iron is going into consumption on a heavy 
scale and the demand for basic iron remains un- 
abated. Active conditions continue to prevail with 
the light-castings founders and they are still finding 
it difficult to obtain their full requirements of 
Middlesbrough iron. Quotations for the latter 


material are 70s. f.o.t. Falkirk and 73s. f.o.t. Glas- 
gow district, with Midland foundry iron quoted at 
Is. 3d. per ton less. The price for hematite, 
Scottish, West Coast and East Coast, is 77s. f.o.t. 
steelworks. Basic, British and Indian, is 70s. (less 
5s. rebate) delivered steelworks. 


Coke 


Most consumers of foundry coke are well con- 
tracted for supplies over periods varying from three 
to six months. Prices remain unchanged and for 
delivery in Birmingham and district best Durham 
coke is from 41s. 6d. to 43s., and Welsh from 
38s. 6d. to 50s., delivered Midlands stations 


Steel 


Great activity prevails in the steel industry, and 
most departments of the trade are working almost 
at capacity, says the official report of the London 
Iron and Steel Exchange. The demand, however, 
is largely upon home account and export business 
fails to develop any special feature. The prices of 
all steel materials are firm and have an advancing 
tendency. Business in semi-finished steel is on a 
heavy scale and most of the makers have filled their 
books for as forward as they care to sell, new 
business being largely confined to the replacement of 
contracts which have expired. In the finished-steel 
department the situation is satisfactory, and a rise 
in the prices of most descriptions of Continental 
steel imported into this country has occurred. The 
British manufacturers have well-filled order-books 
and are assured of busy working conditions for 
months to come. There is considerable pressure on 
the part of consumers to secure delivery, and the 
tendency is for the works to lengthen the period 
in which orders can be executed. 


Scrap 


Imports of iron and steel scrap into the Cleveland 
market have again amounted to a substantial ton- 
nage during the past week. Consequently, there 
are few complaints of short supplies. Heavy melt- 
ing steel remains firm at 57s. 6d. per ton, while 
ordinary heavy foundry cast iron is easier at 60s. 
All qualities of scrap remain in active demand on 
the Midland market and supplies are easily obtainable 
at current values. Good, heavy, unsheared wrought 
iron is at 67s. 6d. to 72s. 6d. and heavy machinery 
metal in handy sizes is at 62s. 6d. to 65s., good 
heavy at 57s. 6d., and clean light at 52s. 6d. Short, 
heavy. steel scrap, as used in the foundries, is still 
in short supply at 65s. to 66s. per ton delivered 
works. A steady flow of business is still being 
transacted on the Yorkshire market. Mixed wrought 
iror. and steel for basic furnaces is well taken up 
at from 52s. 6d. to 54s. 6d., while steelworks heavy 
cast iron remains scarce at 53s. 6d. The demand 
for foundry cast iron is strong at 67s. 6d. per ton. 
Exceptionally active conditions are prevailing on the 
Scottish market and prices remain firm. Heavy 
mild-steel melting scrap is unchanged at 57s. 6d., 
with heavy basic or heavy iron and _ steel scrap 
mixed, all im furnace sizes, at 52s. 6d. Heavy 
machinery cast-iron scrap, in pieces not exceeding 
1 cwt., is at 70s. to 72s. 6d., with ordinary cast 
iron, suitable for foundries, at 67s. to 68s. per ton, 
delivered f.o.t. consumers’ works. 


Metals 


Copper.—European consumers, as a whole, have 


refrained from buying large quantities of copper 


during the past week and the market has been 
easy. The political outlook has no doubt been 
largely responsible. Business in the United States 
has not been on a large scale, but the outlook is 
regarded confidently. It is rumoured in the United 
States that a discussion is to take place on the 
further curtailment of the production of domestic 
copper. It is suggested that curtailment might 
even be of an international character. 

Daily market prices :— 

Cash.—Thursday, £35 17s. 6d. to £35 18s. 9d.; 
Friday, £36 6s. 3d. to £36 7s. 6d.; Monday, 
£36 6s. 3d. to £36 7s. 6d.; Tuesday, £36 12s. 6d. to 


2, 1936 


£36 13s. 9d.; Wednesday, £36 8s. 9d. to 
£36 10s. 

Three Months. — Thursday, £36 3s. 9d. t 
£36 6s. 3d.; Friday, £36 lls. 3d. to £36 12s. 6d. 
Monday, £36 12s. 6d. to £36 13s. 9d.; Tuesday, 
£36 16s. 3d to £36 17s. 6d.; Wednesday. 
£36 13s. 9d. to £36 16s. 3d. 

Tin.—In spite of the fact that suppiies have been 
moving much more freely, prices have remained 
firm, but it is expected that they will ease to some 
extent in the near future. The demand in this 
country and also on the Continent is well maintained. 
Only a moderate business has been transacted in 
the United States. The March issue of the bulletin 
of the International Tin Research and Development 
Council states that world consumption of tin in 
January, 1936, was 13,029 tons, compared with 9,76) 
tons in January of last year. World visible stock; 
increased by 383 tons during February, 1936, t« 
16,435 tons. 

Metal Exchange quotations were as follow :— 

Cash.—Thursday, £211 10s. to £211 15s. ; Friday 
£211 15s. to £212 5s.; Monday, £211 5s. t 
£211 10s.; Tuesday, £211 5s. to £211 10s. ; Wednes 
day. £213 to £213 5s. 

Three Months.—Thursday, £204 lds. to £205 
Friday, £205 5s. to £205 15s.; Monday, £204 5s 
to £204 15s.; Tuesday, £204 10s. to £204 lis. 
Wednesday, £206 5s. to £206 10s. 

Spelter.—Conditions on this market have becom: 
easier and the demand has been quiet. The outcom: 
of the Zinc Cartel negotiations in London has not 
been disclosed. 

Official quotations were as follow :— 

Ordinary.—Thursday, £15 17s. 6d.; Friday, £16 
Monday, £16; Tuesday, £15 18s. 9d.; Wednesday 
£15 12s. 6d. 


Lead.—Apart from some heavy buying from th: 
building industry little of note has occurred in this 
market during the past week. Trading in the United 
States has been very active and all the most im 
portant consuming industries have been taking up 
satisfactory tonnages. The demand from makers 
of pipes and sheets has been more encouraging. Th: 
American Bureau of Metal Statistics reports that 
stocks of refined lead in the United States ros: 
during February by 1,000 short tons to 225,000 tons 
Production decreased to 34,100 tons from 36,300 tons 
in January. 

Day-to-day quotations :— 

Soft Foreign (Prompt).—Thursday, £16 8s. 9d. ; 
Friday, £16 lls. 3d.; Monday, £16 11s. 3d.; Tues- 
day, £16 11s. 3d.; Wednesday, £16 7s. 6d. 


Company Reports 


Parkinson & Cowan, Limited.—Half-year’s 
dividend on the 7 per cent. cumulative preference 
shares to March 31. 

Hopkinsons, Limited.—Final dividend of 6 per 
cent. on the ordinary shares, making 84 per cent. 
for the year ended January 31. 

Alley & MacLellan, Limited.—Profit, £16,459: 
brought in, £32,768; depreciation, £5,983; prefer- 
ence dividends, £2,770; ordinary dividend of 124 per 
cent., tax free; directors’ fees, £900; carried for- 
ward, £32,073. Meeting, March 30. 

Vickers, Limited.—Profit, £1,368,279; income tax, 
debenture interest, etc., £440,174; to reserve. 
£242,009; dividends on the preference share capital. 
£418,190; brought in, £228,222; dividend of 8 per 
cent. on the ordinary share capital, £254,520; carried 
forward, £241,608. 

Imperial Chemical Industries, Limited.—According 
to preliminary figures, net income shows increase 
of £357,000 at £6,706,000. Final ordinary dividend 
54 per cent., making 8 per cent. Also dividend of 
4 per cent. on ordinary stock resulting from con- 
version and consolidation of deferred shares. 

Morgan Crucible Company, Limited. — Balance 
available for distribution, £154,309; to capitalisation 
of 5 per cent. obligations to be retained for employ; 
ment in the business, £80,925; final dividend af 
104d. per £1 stock on the ordinary stock, making: 
ls. 44d. for the year, £73,170; carried forward, £21 
Meeting, March 31. | 

Associated Electrical Industries, Limited.—Profitg) 
£828,519; to 4 per cent. debenture interest, £21,154); 
depreciation, £91,832; income tax, £179,674; née 
profit, 535,858; brought in, £113,336; to 8 per cen 
preference dividend, £76,449; premium ee 
on 4 per cent. debentures, £103,635; ordinary div 
dend of 8 per cent., £303,705; carried forwar 
£165,405. Meeting, April 2. 
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OU see there are many 


good Iron Founders in the 
Midlands, and in the South for 
that matter, who have a secret 
yearning to mould again with a 
genuine Scottish Rock Sand,suchas 
perhaps they have once been used 
to. They like the heavy bond, 
the coarse grains, the high per- 
meability . . . Others have never 


known such luxuries. 


The trouble comes from not 
being able to move large chunks 
of mother-earth down South from 
the banks and braes without the 
penalty of spending a lot of 
money—a deplorable thought ! 


But the merrily tapping of way- 
side rocks with our little geological 
hammers and our love of digging 
holes have taken effect. We've 
discovered nature’s bounty in a 


natural rock moulding sand 
within easy reach of the Midlands. 
(EUREKA !) 


It is christened Tor Rock Sand, and 
we baptize it with just enough 
water in a painstaking mill to 
give a wonderfully plastic, coarse, 
cohesive sand—a moulder’s delight. 


WA! 


BORDE 


The scientific fellows say it’s like 
this :— 


CHEMICAL ANALYSIS. 


Silica 86'8 % 
Ferric Oxide 1°43% 
Alumina .. 76 % 
Magnesia .. "18% 
Titanic Oxide .. "18% 
Alkalies.. 18% 
Loss on ignition . . 16 % 


MECHANICAL ANALYSIS. 


Very Coarse Sand (+ 1 mm) -- 16°5% 
Coarse Sand (+"5mm—i1mm) .. 16°0% 
Medium Sand (+ °25mm —*5mm) 11°0% 
Fine Sand (+ ‘1mm—‘25mm) .. 30°0% 
Silt Grade (+ °O1 mm —‘1 mm) .. 
Clay Grade (— ‘01 mm) 19°5% 


which doesn’t explain everything, 
but we will if you will write 
to us. 


GENERAL 
REFRACTORIES 


LIMITED 
Genefax House, Sheffield 


Telephone: Sheffield 31113 (6 lines). 
Telegrams : “ Genefax, Sheffield.” 


LONDON OFFICE : SCOTTISH OFFICE : 


Russell House, 156, St. Vincent Street, 
Adelphi, W.C.2. Glasgow. 
Telephone : 5250 
Temple Bar 7361. 


Telegrams Telegrams : 
** Genefax, Rand-London."’ ‘‘ Genefax, Glasgow."’ 


SOUTH WALES OFFICE : 
11, Wind Street 
Swansea. 


Telephone : 3680. 


Telegrams . 
** Genefax, Swansea.’’ 


and Branch Offices, Works and Agencies throughout 
the world. 
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COPPER 
fa 
cash 8 9 
Electrolytic .. 4012 6 
Tough 39 5 0 
Best selected 39 15 0 
Sheets ‘ 68 0 0 
India 5 0 
Wire bars . 41 0 0 
Ingot bars . 41 0 0 
H.C. wire rods 4410 0 
Off. av. cash, Mar. 36 1 5; 
Do., 3 mths., Mar. 36 8 533 
Do., Sttlmnt.., Mar. 36 1 3 
Do., Electro, Mar. 40 8 633 
Do., B.S., Mar. .. 400 0 3 
Do., wire bars, Mar. .. 40 12 7, 
Solid drawn tubes : .. 10$d. 
Brazed tubes 104d. 
Wire 64d. 
BRASS 
Solid drawn tubes 93d. 
Brazed tubes 113d. 
Rods, drawn 
Rods, extd. or rild 5d. 
Sheets to 10 w.g. .. 8d. 
Wire 73d. 
Rolled metal 74d. 
Yellow metal rods bd. 
Do. 4 x 4 Squares 53d. 
Do. 4 x 3 Sheets 5}d. 
TIN 
Standard cash 213 0 0 
Three months 206 5 0 
English 213 0 0 
Bars.. 214 0 0 
Straits .. 21410 
Australian .. .. 313 10 0 
Eastern... & © 
Banca 214 10 O 
Off. av. cash, Mar. 213 7 3; 
Do., 3 mths., Mar. 204 14 8}3 
Do., Sttlmt., Mar. 213 5 24, 
SPELTER 
Ordi 1512 6 
Remelted 13 0 0 
Hard ‘ 12 0 0 
Electro 99.9 17 12 6 
English , 1610 0 
India 13 0 0 
Zinc dust . 19 10 
Off. aver., Mar. .. -- 16 1 83 
Aver. spot, Mar. - 1619 4%, 
LEAD 
Soft foreign ppt. 167 6 
English .. .. 1810 0 
Off. average, Mar. .. 1613 9 
Average spot, Mar. -- 1612 
ALUMINIUM 
Ingots £100 to £105 
Wire ja 1/3 to 1/4 Ib. 
Sheet and foil 1/2 to 1/4 Ib. 


ZINC SHEETS, &c. 


Zinc sheets, English 
Do., V.M. ex-whse. 
Rods 


ANTIMONY 
English .. 72 0 0 to 73 
Chinese, ex-whse. .. .. 60 
Crude, c.i.f.. . 


QUICKSILVER 
12 0 0 to 12 11 


ooo 


Quicksiiver 


FERRO-ALLOYS AND 
STEEL-MAKING METALS 


Ferro-silicon— 
25% 8 17 
45/50% 12 15 
75% 17 17 
Ferro-vanadium— 
35/50% . 12/8 lb. 


6 
0 


ooo 


oon 
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RAW MATERIALS—PRICE LIST 
(Wednesday, April |, 1936) 


Ferro-moly bdenum— 
70/75% carbon-free 
Ferro-titanium— 


- 4/6 lb. Mo. 


20/25% carbon-free id. Ib. 
Ferro-phosphorus, 20/25% .. £21 0 0 
to £22 0 0 
Ferro-tungsten— 
80/85% 3/- Ib. 
Tungsten’ metal powder— 
98/99% 3/3 Ib. 
Ferro- chrome— 
4/6% car. .. 16.0 
6/8% car. .. 2 
Ferro-chrome— 
Max. 2% car. .. 3310 
Max. 0.70% car. .. 
70% carbon-free .. an 94d. lb. 


Nickel—99.5/100% 
F ” nickel shot 
Ferro-cobalt, 98/99% 
Metallic chromium— 
96/98% af 2/5 |b. 
Ferro-manganese (net)— 
76/80% loose £11 5 Otoll 15 O 
76/80% packed £12 5 Otol12 15 O 
76/80% export (nom.) £10 5 0O 
Metallic manganese— 
94/96% carbon-free 1/3 lb. 
Per ton unless otherwise stated. 


£200 to £205 
. £184 0 0 
5/6 Ib. 


HIGH-SPEED TOOL STEEL 


Finished bars, 14% tungsten 2s. Od. 
Finished bars, 18% tungsten 2s. 9d. 
Per lb. net, d/d buyers’ works. 

Extras— 
Rounds and squares, 3 in. 
and over 4d. lb. 
Rounds and squares, under 
sin.to}in. .. 3d. Ib 
Do., under } in. to # in. 1/- lb 
Flats, X fin. to under 
lin. jin. d. lb. 
Do., under in. x hi in... 1/-Ib. 
Bevels of approved sizes 
and sections. 6d. lb. 
Bars cut to length, 10% extra. 
SCRAP 
South Wales— Sead 2a 
Heavy steel 3.5 Oto3 6 6 
Mixed iron and 
steel 3 0 Oto3 2 6 
Heavy castiron 217 6to3 0 0 
Good machinery 3 2 6to3 5 0 
Cleveland— 
Heavy steel -- 217 6 
Steel turnings £29 
Heavy cast iron oe 
Heavy machinery 3 3 6to3 5 O 
Midlands— 
Light cast-iron 
scrap 2 12 
Heavy wrought 
iron 7 6to3 12 6 
Scotland— 
Heavy steel 
Ordinary cast iron 3.7 8 0 
Cast-iron borings 117 6tol 18 6 
Wrot-iron piling 3 8 %to3 11 3 


Heavy machinery 3 10 


London—Merchants’ buying prices, 


delivered yard. 

(clean) .. .. 30 00 

Brass .. 2010 0 
Lead (less usual draft 1510 0 
Tea lead .. 
Zine 910 0 
New aluminium cuttings. . 76 0 0 
Braziery copper .. 
Gunmetal .. 2 
Hollow pewter... 160 0 0 
Shaped black pewter 120 0 0 


PIG-IRON 
N.E. Coast (d/d Tees-side area)— 
Foundry No. 1 
No.3... 
at Falkirk 
at Glasgow 


Forge No. 4 
Hematite No. 1 ‘ 
Hematite M/Nos. .. 


N.W. Coast— 
Hem. M/Nos. d/d Glas. 
» d/dBirm. . 
Malleable iron d/d Birm. 


Midlands (d/d Birmingham dist.)— 
Staffs No. 4 
» No.3 fdry. 
Northants forge .. 
fdry. No. 3 
fdry. No. 1 
I Jerbyshire forge 
” fdry. No. 3 
fdry. No. 1 


Scotland— 
Foundry, No. 1, f.0.t. 
No. 3, f.0.t. 
Hem. M/Nos. d/d . 


Sheffield (d/d district)— 
Derby forge ‘ 
»  fdry. No. 3 
Lines forge 
dry. No. 3. 
W.C. hematite 


Lancashire (d/d eq. Man.)— 
Derby fdry. No. 3 
Staffs fdry. No.3 .. 
Northants fdry. No. 3 
Cleveland fdry. No. 3 ‘ 
Dalzell, No. 3 (special) 102/6 to 
Glengarnock, No. 3 
Cly de, No. 3 ae" 
Monkland, No.3 .. 
Summerlee, No. 3 
Eglinton, No.3... 
Gartsherrie, No. 3 
Shotts, No. 3 


FINISHED IRON AND STEE 


72/6 


75/- 
68/6 
72/6 
75/6 
71/- 
75/- 
78/- 


81/6 
79/- 
77/- 


68/6 
72/6 
68/6 
72/6 
90/- 


78/- 
78 /- 
76/6 
78/- 
105 /- 
87/6 
87/6 
87/6 
87/6 
87/6 
87/6 
87/6 


L 


Usual district deliveries for iron ; delivered 


consumer's station for steel. 


Iron— fad « 
Bars (cr.) . . 10 2 6 
Nut and bolt iron 8 10 0 to9 0 0 
Hoops 1l 0 O and up. 
Marked bars '(Staffs) 1210 0 
Gas strip ll 0 and up. 
Bolts and nuts, } in. x 4in. 

15 15 and up. 

Steel— 

Plates, ship, ete. 815 Oto817 6 
Boiler plts. 9 5 O0to9 7 6 
Chequer plts. a's - 07 6 
Tees 6 
Joists 
Rounds and squares, 3 in. 

to 54 in. .. 9 7 6 
Rounds under 3 in. to Bit in. 

(U ntested) 
Flats—8 in. wide and over 812 6 
» under 8in.andover5in. 817 6 
Rails, heavy 8 5 Oto 810 0 
Fishplates .. re 1210 0 
Hoops (Staffs) a 916 0 
Black sheets, 24g. (4-t. lots) 1110 0 
Galv. cor.shts. ( , ) 1310 0 
Galv. flatshts. ( , ) 14 0 0 
Galv. fencing wire, 8g. plain 15 0 0 
Billets, soft. . . 517 6 and up. 
Billets, hard 617 6to7 2 6 
Sheet bars .. 515 0to6 0 0 
Tin bars 515 O0to6 0 0 
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PHOSPHOR BRONZE 
Per Ib. basis 


Strip .. 
Sheet to 10 w. g. 
Wire .. 
Rods .. 
Tubes .. 
Castings 


Delivery 3 cwt. free. 


10% phos. cop. £30 above B.S. 

15% phos. cop. £35 above B.S. 

Phosphor tin (5%) £30 above 
price of English ingots. 

C. Ciurrorp & Son, Limrrep. 


NICKEL SILVER, &c. 


Ingots for raising 

Rolled— 
To Qin. 
To 12 in. 
To 15 in. 
To 18 in. 
To 21 in. 
To 25 in. 


wide 
wide 
wide 
wide 
wide 
wide 


Ingots for spoons and forks 
Ingots rolled to spoon size 


Wire round— 
to 10g. 


Special 5ths quality 


urning 
straight lengths, 1/3} upwards. 


Per 
7d. to 


.. to 
.. 1/1} to 
.. to 
.. 1/2 to 
. 1/24 to 


1/3 to 


Ib. 


i/l 


1/7 
1/7} 
1/74 
1/8 
1/84 
1/9 


7d. to 1/33 
10d. to 1/63 


1/4} to 1/114 
with extras according to gauge. 
i rods in 


AMERICAN IRON AND STEEL 
At Pittsburgh unless otherwise stated. 


Dols. 
No. 2 foundry, Phila. 21.31 
No. 2 foundry, Valley . 19.50 
No. 2 foundry, Birm. .. 15.50 
Basic, Valley ‘ 19.00 
Malleable, Valley 19.50 
Grey forge, Valley Soil 19.00 
Ferro-mang. 80%, seaboard 75.00 
O.-h. rails, h’ at mill 36.373 
Billets .. 238.00 
Sheet bars 28.00 
Wire rods 338.00 
Cents. 
Iron bars, 1.80 
Steel bars 1.85 
Tank plates 1.80 
Beams, etc. 1.80 
Skelp, grooved steel . .. 1.80 
Steel hoops ‘ 2.10 
Sheets, black, No. 24 2.40 
Sheets, galv., No. 24 3.10 
Wire nails 2.10 
Plain wire 2.30 
Barbed wire, galv. a 2.60 
Tinplates, 100-lb. box .. $5.25 
COKE dae ovens) 
Welsh foundry . 25/- to 32/6 
» furnace 20/- to 21/- 
Durham foundry 23/6 to 24/6 
furnace ie 21/- 
Scotland, foundry om 30/- 
» furnace 25/- to 26/- 
TINPLATES 
f.o.b. Bristol Channel ports. 
1L.C. cokes 20 x 14 per box 18/9 
28x20 37/6 
Re 20x10 27/- 
183x114 19/6 
C.W. 15/9 to 16/3 
” 28x20 34/6 
20x10, 23/- to 23/3 
183x14__,, 16/- 
SWEDISH CHARCOAL IRON & STEEL 
Pig-iron £6 0 Oto £7 0 0 
Bars-hammered, 
basis £16 0 0 to £1610 0 
Bars and nail- 
rods, rolled, 
basis £15 15 0 to £16 0 0 
Blooms £10 0 0 to £12 0 0 
Keg steel £30 0 0 to £31 0 0 
Faggot steel £18 0 0 to £23 0 0 
Bars and rods 
dead soft, st'1£10 0 0 to £12 0 0 


All per English ton, f.o.b. Gothenburg. 
[Subject to an exchange basis of 
Kr. 18.16 to £1.] 


M: 
A 
10}d. 
12id. 
73/- 
69/- 
69/- 
77/- : 
76/6 
77/- 
83/6 
19 
2 
19 
19 
ig 
1g 
19 
19 
| 19 
19 
19 
19 
19 
19 
iz 
19 
19 
19 
19 
1¢ 
1¢ 
1¢ 
: 
19 
1¢ 
19 
19 
19 
19 
i 
.. 2315 0 
2 
28 0 
Va. 
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DAILY FLUCTUATIONS Standard Tin (cash) Spetter 0 wee Zinc Sheets (English) 
Standard Copper (cash) £204. £a ead. 
£ s. Mar. 26 .. 21110 Oinc.  20/- Mar. 26 .. 15 17 dec. 2/6 Mar. 26 2315 Odec. 2/6 
Mar. 26 35 17 6 ine. 1/3 2 5/- 16 0 0 ine. 2/6 » 27 .. 2315 ONo change 
» 27 .. 36 6 3 ,, 8/9 » 30 .. 211 5 Odec. 10/- 16 0 0 No change » 30 .. 2315 0, 
” 31 .. 211 5 ONo change 31 .. 1518 Q9dec. 1/3 31 .. 2315 0 ,, 
” i 35/- 5 12 ” D 5 ” 
1. 8 9 dec 3/9 April 1 213 O ine 3 April 1 15 12 6 6/3 April 1 2315 0 , 
Electrolytic Copper Tin (English ingots) Spelter (Electro, 99.9 per cent.) Lead (English) oe 
£ sa. d. £ «a. d. £a £ s. d. 
Mar. 26 39 15 0 dec. 7/6 Mar. 26 .. 211 10 0 inc. 20/- Mar. 26 17 18 9 dec. 3/9 Mar. 26 .. 18 10 0 No change Roa 
40 5 ine. 10/- « 10/- 18 0 ine. 1/3 1810 0 ,, 
40 12 6 7/6 80 .. 291 5 Odec.  15/- 30 18 0 ONo change 30 3100. 
40 12 6 No change .. 211 5 O change » ol .. 1718 9 dec. 1/3 2 w io 
i 40 12 April L .. 218 © © ine. 35/- Agel 1 .. 712 6 , 6/3 April 1 .. 1810 0 ,, ” 


AVERAGE MONTHLY PRICES OF IRON HOOPS. 


Year Jan. | Feb. March | April | May | June July | Aug. | Sept. Oct. Nov. Dec. po m 
| 

| £a & ga 4 £s. 4. d, Se ¢ | 4, £s. d. d. 8a £s. d. £s. d. £3. d. ts. 4 

.899 il 700 + 3 @ 7 00 700 7m 8 10 12 6 812 6 812 6 812 6 9 2 6 97 6 917 6 > 2 8 
1900 ee 917 6 10 7 6 wm 7 6 10 7 0 10 12 6 712 6 10 12 6 10 12 6 10 12 6 917 6 2 @ 9 2 6 10 3 & 
1901 ool 9 2 6 8 2 6 8 2 6 712 6 712 6 712 6 7 2 6 726 7s © 73 6 73 6 72 6 7% 8 
1902 7 73 6 726 726 7 2 6 Ss 726 726 73 6 726 
1903 726 72 6 73 6 73 86 72 6 726 7 2 6 726 73 6 726 73 6 
1904 | 36 72 6 7&8 726 73 6 723 6 72 6 726 72 6 7 2 6 72 6 72 6 723 6 
1905 617 6 700 700 706 700 700 726 7236 72 6 77 6 700 776 7 2 08 
1906 710 0 eo: a | 715 0 715 0 715 0 715 0 715 0 715 0 715 0 715 0 715 0 8 7 6 715 14 
1907 z= | 8 7 6 8 7 6 8 70 SF 8 8 7 6 810 0 810 0 810 0 8 5 0 8 56 0 8 0 0 2 & 
1908 8 0 0 710 0 710 0 710 6 710 0 | 710 0 710 0 700 700 700 700 700 768 
1909 700 7 00 700 7 00 | 700 700 70 0 700 70 0 70 0 700 
191u 7 1 7 6 3 770 33 ¢ 77 6 ¢ 76 3 7 60 7 6 0 
1911 7 7 75 0 7 5 6 i Fs 76 0 75 0 7 656 0 710 0 710 0 
1912 712 6 712 6 712 6 715 0 715 0 8 2 6 8 2 6 8 2 6 812 6 812 6 812 6 815 0 8 23 
1913 817 6 817 6 817 6 817 0 817 6 817 6 817 6 8 7 6 8 7 6 8 7 6 2 717 6 812 6 
1914 717 6 7m ¢ 717 6 713 9 712 6 712 6 712 6 9 2 6 926 9 2 6 926 926 8 6 4} 
1915 | 9 3 6 918 1 10 7 6 10 16 6 1017 6 138 2 6 18 2 6 138 2 6 138 7 6 14 2 6 15 2 6 1518 6 1210 1 
1916 | 17 2 6 17 2 6 ws 6 17 6 3 a 17 7 6 17 7 6 17 7 6 _ FS 17 7 6 17 7 6 _ + S&S 17 6 1 
1917 eo: 2 @ | 17 2 6 17 2 6 17 2 6 17 2 6 17 2 6 17 32 6 17 3 6 17 2 6 17 2 6 17 2 6 » 3 @ 17 2 6 
1918 17 2 6 17 2 6 17 2 6 17 2 6 17 2 6 17 2 6 17 2 6 17 3 6 17 3 6 17 3 6 17 2 6 17 3 6 17 2 6 
1919 | 17 2 6 a i 17 2 6 17 2 6 24 6 3 24 6 8 246 3 25 9 O 26 7 6 26 7 6 26 7 6 2617 4 2214 9 
1920 -| 28 0 0 2812 6 33 15 O 35 5 0 35 15 10 3817 6 38 17 6 3817 6 $88 17 6 3817 6 3617 6 3617 6 35 14 9 
1921 ae a. 2 eS 23 65 O 2112 6 20 0 0 20 0 0 20 0 0 17 5 O 15 0 0 14640 1315 0 1310 0 1218 0 17 610 
1922 se at 2 & = 1513 9 1400 1400 1400 1400 1400 1400 14 0 1400 1400 400 13 4°6 
1923 ine 1400 15 0 0 15 00 15 0 0 15 6 O 15 0 0 15 0 0 15 0 0 15 0 0 15 0 0 1416 0 14156 0 1418 8 
1024 1415 0 1415 0 1415 0 1415 0 1415 0 1413 9 1410 0 1410 0 1410 0 1410 0 1410 O 1410 0 1412 4 
19256 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 © 
1926 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 
1927 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1210 0 1210 0 43 4 
1928 1210 0 12 7 6 12 00 1113 6 1115 0 1112 6 1110 0 1110 0 1110 0 1110 0 1110 0 1110 0 11 14 10) 
1929 1110 0 1110 1110 0 1110 11 9 11 5 O 11 5 O 11 5 11 56 O 3 11 0 0 11 0 511 
1930 11 0 0 11 0 0 11 0 0 1016 3 1015 1015 1015 0 1015 1015 1015 1015 O 1015 10 16 4) 
1931 1015 O 10 15 0 1015 0 1010 O 1010 O 1010 0 1010 O 1010 O 1010 O 1010 O 10 10 O 1010 1011 8 
1932 1010 06 10 10 O 10 10 O 10 10 O i010 0 10 10 O 1010 O 1010 O 1010 O 1010 0 10 10 O 1010 O 1010 0 
1933 1010 O 1010 1010 1010 10 10 O 1010 O 1010 O 1010 1010 O 1010 10 10 O 1010 O 1010 0 
1934 -| 1010 O 1010 O 1010 O 10 10 0 10 10 O 1010 O 1010 O 1010 0 1010 O 10 10 O 010 O 10 10 O 1010 0 
1935 --| 1010 0 10 10 0 0 1010 0 1010 0 1010 0 1010 0 1010 0 1010 0 1010 0 1010 0 1010 0 1010 0 


ILLIAM JACKS COMPANY, 


WINCHESTER HOUSE, OLD BROAD ST., LONDON, 


z All grades FOUNDRY, HEMATITE, BASIC, SPECIALS, &c. 
METALS 
=| COPPER, TIN, LEAD, SPELTER, ANTIMONY, CHROME ORE. 


WILLIAM JACKS COMPANY, 


CENTRAL CHAMBERS, ZETLAND ROAD, | 
93, HOPE ST., GLASGOW, C.2 MIDDLESBROUGH. 


— 
basis 
104d. 
114d. 
12}d. 
14d. 
7 
7} 
74 
84 
1/34 
1/63 
8s in a 
CLARENCE CHAMBERS, 39, CORPORATION STREET, BIRMINGHAM. 
13, RUMFORD STREET, LIVERPOOL. 
32/6 
— 
18/9 
37/6 
27/- 
19/6 
16/3 
34/6 
23/3 
16/- 
EEL 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
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SITUATIONS VACANT AND WANTED 


TENDER 


MACHINERY—Continued 


SSISTANT Foundry Cost Accountant. 
Position required with good prospects. 
Age 22. Passed Intermediate and studying 
Final Examination, Institute of Cost and Works 
Accountants. Two years’ experience in foundry 
general office work. Special study of foundry 
costing.—Write Box 650, Offices of THE 
Founpry Trape Journat, 49, Wellington 
Street, Strand, London, W.C.2. 


NOUNDRY Engineer (38) desires executive 
position. Trained metallurgist. Over 20 
years’ experience in foundry work of every 
description, high-duty irons, alloy steels, special 
bronzes, castings and ingots, foundry lay-out, 
plant, equipment, etc. Offer of reasonable ton- 
nage in special castings. Principals only.— 
Write Box 660, Offices of Tue Founpry TrapE 
JournnaL, 49, Wellington Street, Strand, 
London, W.C.2. 


METALLURGIST, age 37, first-class train- 

ing and experience in steel and iron 
foundry work; special alloyed steels and iron 
manu ‘actured by the high-frequency induction, 
electric-arc and Bessemer furnaces; analysis, 
metallography, heat-treatment ; up-to-date mass- 
production methods; 12 years’ Continental ex- 
perience and _ organisation; fluent French; 
requires post with scope for advancement.—Box 
654, Offices of THe Founpry TrapE JOURNAL, 
49, Wellington Street, Strand, London, W.C.2. 


OREMAN wanted for grey-iron foundry 
making small castings. Must have had 
experience in machine moulding (jolt, squeeze 
and hand-rammed machines). State age, quali- 
fications, salary required, and when free, to 
Box 662, Offices of THe Founpry Trape 
JournNnAL, 49, Wellington Street, Strand, 
London, W.C.2. 


IRMINGHAM ELECTRIC FURNACES, 
LTD., require Foundry Engineer with 
melting-furnace experience and sales personality. 
Excellent opportunity for right man. Send 
detailed application, stating age, experience, and 
salary required, to Birlee Works, Tyburn Road, 
Erdington, Birmingham. 


JROUNDRY Foreman wanted tor general 

engineering work near Sheftield. Castings 
from a few Jbs. to 10 tons. (Good opportunity 
for right man. Must be under 40. State age, 
wage, and experience.—Box 664, Offices of THE 
Founpry TrapE Journat, 49, Wellington 
Street, Strand, London, W.C.2. 


EMPLOYMENT REGISTER. 


Conducted by the Institute of British Foundry- 
men by courtesy of the proprietors of THE 
Founpry TRADE JOURNAL. 


Correspondence should be addressed to the 
General Secretary, Institute of British Foundry- 
men, St John Street Chambers, Deansgate, 
Manchester, from whom full particulars can be 
obtained of this service. 

Any employer wishing to communicate with a 
candidate should write to the General Secretary, 
quoting identification number. 


SSISTANT Foundry Manager desires 
re-engagement. Has had charge of 
mechanised plant, also general foundry experi- 
ence. Cupola control. Sound technical training. 
(275) 


AGENCY 


RACTICAL Agents wanted having good 
connection with steel makers and_ steel 
founders to sell on commission first-class article 
with great possibilities. Steelworks or foundry 
experience essential—Apply Box 666, Offices of 
THe Founpry Trape Journat, 49, Wellington 
Street, Strand, London, W.C.2. 


BUSINESS FOR SALE 


BY ORDER OF EXECUTORS. 
OR SALE.—An old-established Ironfoundry 
Business near Birmingham. For par- 
ticulars, apply C. E. & Bareman, 
Warwick Chambers, Corporation Street, Bir- 
mingham. 


METROPOLITAN WATER BOARD. 


TENDERS FOR THE SupPLY OF STORES, ETC. 


HE Metropolitan Water Board invite 
Tenders for the supply of the under- 

mentioned Stores and Services, etc.. for the 
period of twelve months commencing June 1, 
1936. 
Contract 

No. 

1.—Bricks, firebricks, cement, etc. 

8.—Iron and steel. 

9.—Bolts and nuts, screws, files. shovels, 

steam tubes, etc. 

12.—Fuel oil, oil (lubricating), kerosene, 

motor spirit, greases, etc. 

19.—Iron, brass, gunmetal and other castings. 

20.—G.M. stopeocks and ferrules, outlets and 

caps for fire hydrants. 

22.—Timber (hardwoods). 

23.—Maintenance of weighing machines. 

Tenders must be submitted on the official 
forms which may be obtained on and after 
Monday, April 6, 1936, from the Chief 
Engineer, by personal application at the offices 
of the Board (Room 171) or upon forwarding a 
stamped addressed envelope (large). 

Applicants should refer to the number of the 
Tender for which forms are required. 

Tenders, enclosed in_ sealed envelopes, 
addressed to ‘‘ The Clerk of the Board ’’ and 
endorsed in the manner indicated in the Form 
of Tender, must be delivered at the offices of 
the Board (Room 122) not later than 11 a.m. 
on Monday. April 20. 1936. 

The Board do not bind themselves to accept 
the lowest or any Tender. 

G. F. STRINGER. 
Clerk of the Board. 

Offices of the Board, 

173. Rosebery Avenue, E.C.1. 
March 23. 1936. 


PATENT 


HE Proprietors of Patent No. 394.699 for 
‘““A Process of Manufacture of Hollow 
Objects from Large Ingots’’ are desirous of 
entering into arrangements by way of licence 
and otherwise on reasonable terms for the pur- 
pose of exploiting same and ensuring its full 
development and practical working in_ this 
country. All communications should be 
addressed in the first instance 
Lake & Co., 28, Southampton Buildings, 
Chancery Lane, London, W.C.2. 


MACHINERY 


ANTED.—Second-hand 405 Osborne Roll- 

Over Jolt-Ram Moulding Machine. State 
price and condition.—Box 658, Offices of THE 
Founpry JourRNAL, 49, Wellington 
Street. Strand. London, W.C.2. 


Tilghman Sandblast Barrel Plants: barrel 
sizes—60 in. x 40 in.; 36 in. x 20 in.; 20 in. x 
30 in. 

Tilghman Sandblast Cabinet Plants; 4 ft. 6 in. 
and 3 ft. 6 in. square (one for high pressure 
70 lbs. per sq. in.); also small Cabinet 30 in. 
dia. 

All complete with Air Compressors, etc. 

Pneulec Rover Sand Thrower, size No. 1. 

Six Osborne Pneumatic Jolt Press Moulding 
Machines, size 75J. 

Three Mumford Yoke Headpress Pneumatic 
Moulding Machines. 

Two Herbert Whizzer Sand Disintegrators. 

Two Brealey Type ditto. 

Heavy Double-ended Grinding Machines by 
Rowlands, Luke & Spencer, etc. 

Hand Moulding Machines by Adaptable 
Darling & Sellars, Pridmore, Samuelson, etc. 

500 Electric Motors, Dynamos, Rotary Con- 
verters, etc. 


S.C. BILSBY, a.M.1.C.£., A.M.LE.E. 


CROSSWELLS ROAD (Adjoining Railway 
Crossing), LANGLEY, N*. Birmingham. 
*Phone: Broadwe 1359. 


ECOND-HAND Foundry Cupola, 4 ft. 6 in. 
dia., 5-6 tons per hr., complete with motor- 
driven fan; motor 400 volts, 3-phase, 50 cycles, 
and pipes. Cheap to quick buyer.—E. A. 
Roper & Co., Airedale Buildings, North Street, 
Keighley. 


NEW Dwarf Cupola, to melt 10 to 15 cwts. 
per hr. New Worm-geared Ladles, 5 tons, 
25 cwts., 15 cwts. and 10 cwts. capacity. 
Ungeared Ladles, 15 cwts. and 10 cwts. 
capacity. Improved Cupola Spark Arresters.— 
T. Davirzs & Son, West Gorton, Manchester. 
(OR SALE.—Three ‘‘ Ajax”? No. 9 Turn- 
over Moulding Machines and one ‘‘ Ajax ”’ 
Stripping-Plate Moulding Machine with 
vibrator, complete with all accessories. Can be 
seen under working conditions. Price £50 each. 
—Tuomas’ Broapsent & Sons, Luimitep, 
Huddersfield. 


FOR SALE. 
QNE “Prosama Sand Thrower by Cole- 
man; motor, 3-phase. 50 cycles. 
One Adaptable Hand-Squeeze Moulding 
Machine. 
Two Denbigh Hand Jolters, No. 1 ‘‘ Marvel.” 
Four No. 0 Britannia Pneumatic Jolters. 
Six Mumford-type Pneumatic Plain Jolters ; 
table 15 in. by 20 in. 
Two ditto; table 12 in. by 12 in. 


S.C. BILSBY, A.M.L.C.E., A.M.LE.E., 


CROSSWELLS ROAD (Adjoining Railway 
Crossing), LANGLEY, Nr. Birmingham. 
‘Phone: Broadwell 1359. 


THO* W. WARD LTD. 


Pneumatic 12” cyl. Plain Bumper Jolt-Ram 
MOULDING MACHINE (Jackman); table 5’ 
x 

Two Pneumatic Standard Pattern Jolt-Pin- 
Lift MOULDING MACHINES; size No. 1; 
take boxes up to 32” square. 

WIRE ROPES, 43” dia.. 360’ long. 

Second-hand ‘‘ Lister’? PETROL TRUCK; 
overhauled and in good working order. 

Write for Albion’’ Oatalogue. 
‘Grams: ‘‘ Forward.’’ "Phone : 23001 (10 lines). 
ALBION WORKS, SHEFFIELD. 


MISCELLANEOUS 


TESTS as described in THE 


Founpry Trape Journal, February 1, 
1934. Patterns of the above in aluminium can 
be supplied for 35s. per set. Post free. We 
can also supply Patterns for all branches of the 
engineering trade, in hard or soft woods. Send 
us your inquiries. — FurmMston & Lawtor, 
Patternmakers, Letchworth, Herts. 


"Phone: 287 SLOUGH 


MOULDING MACHINES 


ba jolt roll-over Britannia Machines, as new. 
eap. 

Eight No. | Britannia Jolters. Price £26 each. 
Modern Tabor Squeeze Roll-over Machine. 
Price £75. 

Osborn Hand Roll-over Machine. Price £28. 


Six Denbigh Hand Jolters, various sizes. 


CUPOLAS 


4’ 6” dia. shell Davies Cupola, with A.C. Fan. NEW. 
30” dia. Cupola in new condition, complete. £38. 
30” dia. New Cupolette complete with fan, £30. 


TILTING FURNACES—Oil and Coke Fired. 
AIR COMPRESSORS—AlIl sizes. 
PLEASE SEND US YOUR ENQUIRIES. 


Avex. HAMMOND, 


14, AUSTRALIA ROAD, SLOUGH 
BUY FROM ME AND SAVE MONEY! 


= 
- 
« 
‘ — 


